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THE FEDERAL MEAT-INSPECTION REGULATIONS CONCERNING 
TRICHINA IN PORK. 


Prior to the investigations recorded in this paper comparatively 
little was known concerning the effects of processes used in curing 
pork upon the vitality of trichine (Trichinella spiralis). From a prac- 
tical standpoint information on this subject is of considerable impor- 
tance, particularly in the case of pork products of kinds customarily 
eaten without cooking. Hygienically the custom of eating uncooked 
pork is very objectionable and is not to be encouraged. Nevertheless, 
the fact of its existence must be reckoned with, and in Federal meat 
inspection it has been necessary to give consideration to the question 


_of safeguarding the consumer from the danger of acquiring trichinosis 


from pork products of kinds customarily eaten without cooking. 
It has been assumed as governing principles that the consumer 
is himself responsible for the proper preparation of fresh pork and 
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pork products of kinds that are usually cooked before eating, but 
that the manufacturer is under obligations to make sure that pork 
products sold as cooked products are properly cooked or, if of a kind 
customarily eaten without cooking, to make sure that the products 


are free from viable trichine. In the Federal meat-inspection regu- _ 


lations it is therefore provided that products that are cooked in estab- 
lishments under inspection must be cooked in accordance with methods 
approved by the chief of the Bureau of Animal Industry, and further 
that products containing any raw muscle tissue of pork, if of a kind 
prepared customarily to be eaten uncooked, must either be subjected 
to sufficient heat to destroy the vitality of any trichine or be sub- 
jected to other processes sufficient to destroy the vitality of trichine. 

The questions of the destruction of the vitality of trichine by 
refrigeration and by heat have been discussed in other papers (Ran- 
som, 1916; Ransom and Schwartz, 1919). It is the purpose of the 
present paper to record the results of investigations relative to the 
effects upon the vitality of trichine of various methods of preparing 
pork products of kinds customarily eaten without cooking. Though 
these results have not heretofore been published in detail, they have al- 
ready been utilized in the formulation of methods for the preparation 
of pork products of kinds customarily eaten without cooking. Such 
products may be prepared in establishments operating under Federal 
inspection only in accordance with approved methods. Details of 
these methods are given in Service and Regulatory Announcements 
of the Bureau of Animal Industry No. 128, December, 1917, page 
131; No. 135, June, 1918, page 54; No. 143, March, 1919, page 19, 
and No. 151, November, 1919, page 121. 


REVIEW OF THE WORK OF OTHER INVESTIGATORS. 


In the extensive literature on trichine the effects of salting and 
smoking upon the encysted parasites are frequently referred to, but 
only a few investigators have actually carried on experimental work, 
most of the references in the literature consisting of repetitions of 
the statements made by these investigators. In addition to state- 
ments based on the results of experimental work, other statements 
are commonly made that have no apparent basis except the opin- 
ions of the writers that made them, or of other writers whom they 
have quoted, and these are often more or less at variance with the 
facts. The important contributions to our knowledge of the effects 
of curing processes upon trichine so far as heretofore published may 
be covered in a comparatively brief summary. 

Haubner, Leisering, and Kiichenmeister (1863) concluded that 24 
hours of hot smoking rendered sausage made of trichinous pork 
innocuous, since two rabbits to which the sausage was fed did not 
become infected. These investigators also found that cold smoking 
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for a period of three days did not destroy the vitality of trichine. 
No record of the temperatures attained in the hot and cold smoking 
is given. 

Haubner (1864) states that cold smoking at a temperature of 30° 
R. (87.5° C.) or less is not effective in destroying trichine. ‘ He also 
states that smoking at a temperature of 52° R. (65° C.) or higher 
either promptly kills the parasites or so enfeebles them that they 
soon die. This writer notes further that a few days’ salting will not 
kill trichine in meat, but that pickling of several weeks’ duration 
apparently kills encysted trichine. 

According to Furstenberg (1864), proper pickling of trichinous 
meat with salt results in the destruction of the parasites after a 
period of 10 days. Fitirstenberg also concluded that salting followed 
by a few days’ smoking at a low temperature and finally by a period 
of drying of 8 or 9 days’ duration rendered sausage innocuous. He 
observed that trichine from salted pork are shrunken and states that 
salt exerts a desiccating action on the parasites. 

Virchow (1866) states that according to information furnished him 
by a sausage manufacturer pickled pork which is subjected to low- 
temperature smoking (10°-12° R.—12.5°-16° C.) for three days no 
longer contains viable trichine. 

According to Leuckart (1876), trichinous meat becomes innocuous 
if kept in contact with salt for a period of four weeks. He further 
states that the parasites in such meat are wrinkled. He attributes 
this to the osmotic action of the salt which brings about the with- 
drawal of water from the tissues of the parasites. 

Colin (1882) found that after a 12-day immersion in 25 per cent 
salt brine trichinous meat was still infective. Beginning with the fif- 
teenth day he found the parasites dead in the superficial layer of the 
meat. At the end of the second month they were dead in the central 
part of themeat. This investigator also tested the effects of salt on 
minced meat containing encysted trichine, and found that 2 per 
cent salt, acting for a period of 2 weeks, destroyed the vitality of the 
parasites. He also used larger percentages of salt with similar 
results. Colin tested the dry-salt treatment on large pieces of meat 
and concluded that 6 weeks were necessary to insure the destruction 
of the parasites. 

Fourment (1882) records the following experiment: 

In March, 1881, he placed some salted pork of American origin 
in a bottle to which he added enough salt to cover the meat. The 
bottle was opened 12 months later and the meat was fed to mice. 
Taree days after feeding one mouse died and an examination of its 
intestinal contents revealed the presence of sexually mature trichine. 
The second mouse, which died 13 days after feeding, also harbored 


DoD) 
many intestinal trichine. Fourment states that makimg due 
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allowance for the period which elapsed between the salting of the 
pork and its arrival m France, it is safe to conclude that 15 months 
of salt action 1s inadequate to destroy the vitality of encysted 
trichine. In the opinion of the present writers the results of 
Fourment’s experiment and his conclusion are so much at variance 
with the facts as other mvestigators have found them that his 
statements can not be accepted as proved by the evidence presented. 

According to Blanchard (1888), Benecke found trichine alive in 
a ham aad in a sausage which were kept in brine for 12 days and 
afterwards smoked. The examination for trichine was made 4 
and 9 months, respectively, after the above treatments. 

According to Stiles (1898), the parasites in trichinous pork are 
killed if the pork is kept four months in ‘‘pickling vats.” 


THE EXPERIMENTAL WORK. 


METHODS OF INVESTIGATION. 


Most of our investigational work was carried out in cooperation 
with certain meat-packing establishments in Chicago, which not 
only furnished the necessary facilities for the work but rendered 
useful assistance in many other ways. In arranging our investiga- 
tions we selected methods of preparing the various kinds of products, 
customarily eaten without cooking, from among the methods in com- 
mon use that seemed most likely to prove efficacious in destroying 
the vitality of trichine, and also devised other methods that seemed 
likely to be efficacious in destroying trichine and at the same 
time suited to practical requirements as to manufacture and 
commercial qualities of the product. These methods were tested 
by preparing from trichinous pork some of the products in ques- 
tion under the actual conditions of manufacture and then feeding 
the finished product to experiment animals to determine whether 
or not the trichine survived. Detailed records were kept of each 
step in the process of preparation, and each lot of product sub- 
jected to experiment was held under close supervision by employees 
of the bureau from the beginning to the end of the experiment. 

At first the pork used in the experiments was obtained from the 
carcasses of naturally infested hogs, carcasses being selected for 
use only if they showed at least a moderate degree of infestation. 
This involved the examination of many hundreds of carcasses, and 
~ proved unsatisfactory not only on this account but also because 
heavy infestations were extremely rare in small hogs. In the case 
of so-called Italian hams, which are usually obtained from rather 
small carcasses, this fact was of special importance. Ia order, 
therefore, to insure an adequate supply of trichinous carcasses of 
proper sizes for the experiments, the plan was finally adopted of 
artificially infecting hogs by feeding them trichmous pork. These 
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animals were killed a month to six months after feeding and the 
meat from their carcasses used m making sausages, hams, and 
other products. The viability of the trichine in each carcass was 
tested by feeding some of the uncured meat to experimental animals. 
The uncured meat was kept in a refrigerator and was usually not 
tested for the presence of viable trichine until the close of the experi- 
ments on the products made from the remainder of the carcass. In 
some cases this special test of viability was aot necessary because 
the trichine in the products made from the respective carcasses 
were found to have survived the processes to which the products 
were subjected in their preparation. In all cases the trichine in 
the uncured meat from carcasses used in the experiments were 
found to be alive and capable of producing heavy infestations in 
rats or other experimental animals, so there is no question as to the 
infectivity of the meat used in making the experimental products. 

The usual method of testing the viability of the trichine in tne 
cured products was to take portions of some of the pieces of the 
finished product and feed them to rats or mice in the laboratory 
of the establishment in which the experimental product was prepared, 
generally feeding the anima!s during a period of six or seven days 
in succession with ail of the sausage, ham, or other product they 
would eat. At the first feeding the unwashed product was fed, 
but the feedings on tne followmg days were made with some of the 
product which at the termination of the curing or drying process 
was ground up in a meat chopper and thoroughly washed with 
water to remove the salt. In this way further action of the salt in 
the product was promptly stopped at the close of the experiment. 
At least three rats or mice were thus fed in each experiment, and 
commonly two or three lots of rats and mice were fed, using different 
pieces of the same experimental product for the different lots of 
animals. : 

The post-mortem examinations of all the test rats and mice fed 
in Chicago were made by one of the writers (Raffensperger) or in 
his presence b) members of the laboratory staffs of the meat-packing 
establishments in which the experimenta! products were prepared. 
In some cases test animals were fed not only at the establishment 
laboratories but also at the Chicago laboratory of the bureau, and 
in nearly all cases test animals were also fed at the Washington 
laboratory, some of the pieces of the product from each experiment 
peing shipped to Washington for the purpose. 

In many of the experiments there was also shipped to Washington 
for testing some of the product that had been ground up and washed 
to stop further salt action. The procedure followed in the Wasb- 
ington laboratory consisted in taking portions from the several 
pieces of product belonging to a single experiment as soon as possible 
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after they were received from Chicago, grinding them up together 
in a meat chopper, and washing for about two hours in running 
water. The ground meat was then fed to three or four rats or mice 
(usually rats) kept together in a single cage, an average of 10 grams 
of meat being supplied to each animal at each feeding, and three 
feedings being given on successive days. In a very few cases guinea 
pigs were used as test animals, the meat being given by forced feeding. 

As may be expected, and as was found by the results of the post- 
mortem examinations, the plan of feeding several animals together 
in a single cage does not necessarily bring about an even distribution 
of the meat among them. Differences in the total quantities of meat 
eaten by the several animals, however, tend to diminish with successive 
feedings. All the test animals used in Washington were reared 
under conditions which practically excluded prior mfections with 
trichine as they were bred at the Bureau Experiment Station and 
until used in the tests were nourished on a diet from which meat 
was excluded. 

Unless they died earlier, the test animals were chloroformed about 
‘ 30 days after the first feeding of the meat under test, and a portion 
of the diaphragm and sometimes other muscles were compressed 
between thick glass slides and examined microscopically to deter- 
mine the presence or absence of trichine. Animals that died from 
infection with trichine or from other causes within 10 days after 
the first feeding were examined to determine the presence or absence 
of intestinal trichine. If death occurred between the tenth and 
fifteenth days after the first feeding portions of the diaphragm 
as well as the intestines were examined. Animals that died after 
that period were not as a rule examined for intestinal trichine, 
examination being restricted to the musculature. Migrating larve 
that have not yet become encysted or established in the muscles 
may commonly be detected in the fluid which collects around the 
muscle as a result of compression between the glass slides, and older 
but still unencysted larvee may be seen both in the muscles and in 
the fluid surrounding the muscles. Intestinal trichine when present 
may be readily demonstrated by slitting open the intestine from end 
to end after removal of that organ to a Petri dish containing 
physiological salt solution. Scraping the intestinal mucosa with the 
dull edge of a scalpel tends to remove firmly adhering parasites. 
The parasites if present may be picked out of the dish with the aid 
of a lens, mounted on glass slides and examined microscopically for 
confirmation of their identity. 

The same technic as to post-mortem examinations of test animals 
was followed in the Chicago laboratories as in the Washington 
laboratory. 
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EXPERIMENTS WITH VARIOUS KINDS OF SAUSAGE. 


In the experiments with sausage, fresh summer sausage, unsmoked 
dried summer sausage, and sausage which was smoked and dried 
were used. The experiments with each variety of sausage will be 
- discussed separately. 

So far as concerns the preliminary preparation of the experimental 
sausage, the same general method was employed throughout. Trim- 
mings from one or more trichinous hogs were chopped up, usually 
with some beef trimmings, as in the routine manufacture of sausage, 
and mixed with the curing and flavoring materials commonly em- 
ployed in meat-packing establishments, namely, salt, pepper, sodium 
or potassium nitrate, sugar, coriander seed, etc., in the customary 
proportions. Of the various materials in the curing mixtures com- 
monly used, salt is the only one of any importance so far as the 
destruction of trichine is concerned. The quantity of salt used in 
the curing mixtures was computed on the basis of 34 pounds of salt 
per hundredweight of meat. 

Following the addition of the curing mixture the meat was placed 
in a cooler for a few days. The meat was then stuffed in casings 
and as arule was either replaced in the cooler or put into the so-called 
ereen room for a short period before being subjected to further 
treatments, such as drying or smoking, as noted in the discussion of 
the experiments with various classes of these products. 


DRIED SUMMER SAUSAGE. 


In the experiments with dried summer sausage, after the prelimi- 
nary curing process in the cooler and green room the sausage was 
_ kept in the drying room for a period of about 20 days. Forty-one 
experiments were carried out at Establishments 2A and 3, the meat 
used being trimmings from 76 trichinous hogs. These experiments 
were supplemented by others with dried sausage made in the labora- 
tory. The latter experiments are discussed elsewhere in this paper. 

Several sausages were prepared for each experiment. These 
ranged in weight from 8 ounces to 24 pounds as freshly stuffed 
products. As a result of the prolonged period of drying the sausages 
underwent considerable shrinkage, varying from 20 to 40 per cent of 
the green weight. 

The records of the experiments follow in Tables 1 and 2. 
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TABLE 1.—Exrperiments with dried sausage. 
(ESTABLISHMENT 3.) 


Preliminary curing. 
Ex a Total | “fests on 
peri-| Source of | Temperature. | _. Temperature. | ge i 
ment.) meat Time. Time at Chicago ~ = 
0. | ine, in Son | and Wash- 
cooler.) Maxi-| Mini- | 8°" | Maxi- 
| mum.} mum. mum 
| | 
a] eS ee 
| Hog. | Days.| °F. | °F. | Days Days. 
a} | and 2) af te 42 SMe t| eee |Sea eae RaS 22 Negative. 
Pol PSSETG IZ REA) SES eZ: 36 12 25 Do. 
3:1. and Gee oh 1 = 1738 34.5 4 23 Do. 
4 ANE Sane S|! S865 2 25 Do. 
5|9,10,11...| 3 | 39.5| 36 g 272 | Do. 
Gi} 12 ees | pa | PBT fos [Ee 23 Do. 
7|13and14.| 3 | 40 | 34 13 254 | Do. 
Cori ie alia 3 43 42 2 5S Do. 
9 | 16 and 17. 3 46 42 iz 244 Do. 
OL) a Si bee 2 48 42 12 Sos Do 
11 | 19and 20..| 4 | 53 47 13 252 Do. 
12 | 21 and 22. | (SS 7. B 40 (e 252 Do. 
13 | 24and 25. -| 46 43 z 243 Do. 
14 | 26and27..| 4 44 38 3 243 Do. “y 
15 | 28and29..| 4 at 37 12 252 Do. 
16 | 30and 31..| - 4 46 43 13 243 Do. 
17 | 32and 33_.| 5 is at 2 252 Do. 
18 | 34and35..| 5 45 43 1 ae 27 Do. 
19 | 36and 37..| 4 43 4) 23 273 Do. 
20 | 38and39..| 4 49 42 133 | 2632 | Do. 
TABLE 2.—Experiments mth dried sausage. 
(ESTABLISHMENT 2A.) 
Preliminary curing. | Drying. 
Ex: | | | woe pee 
peri-| Source of Temperature. Ti Temperature. Ti | sientpestter es under| animals 
He meat. Time ra a super-| 2t ae 
a a | apes. | green aa | eee | Gia __ jvistom: | ee Waste 
cooler.| Maxi-| Mini- cacnit | Maxi-| Mini- saat. | Maxi- Mini- eee 
mum.| mum. | mum.| mum.| *| mum. mum.| 
eh Al [2. Sed) eRe es BLOF san sere) 8 | 
Hog | Days.| °F. | °F. | Days.| °F °F. | Days.) °F. °t_ | Dags= as * 
7a fs oe ee 5 Sol attag ts ere Sa ee Zz 54| 25 | Negative. +3 
92:4 5. G___-- 6 Ail? Gh) See | SecA SSE 19 68 56) 25 () 
23 | 7 and 8_- 7 40 Sends eee ee ae be ee 20 64 53 27 Negative. 
24 | 9and 10_- 3 i 36 5 oe) eee Se See eS SS 19 | 65 53 22 Do. 
23) Pos Ses: 3 | 38 6 ee ee ee ee ener 20 60 50 23 Do. 
25 | 12 and 13 3 36 So fesse Ab eS SA eS 19 | 60 | 52 22 Do 
27 | l4and 15 15 39 FS | eee ene (ee Se a eat 20) Gk) | Bt) “pote Dae 
23 | 16and 17 3 41 37 2 71 iy fl amet ha La CS - h4l 26 Do. 
29 | 18and 19 3 41 35 2 70 62 | 19 | 66 53 24 Do. 
39 | 20 and 21 3 43 49 2 70 66 20 71 | 59 25:-|> =o 
31 | 22 and 23-. 3 46 | 37 2 86 79 19") 86 | 62 24 Do 
32 | 24and 25 = 42 | 36 2 7 62 19 73 | ol 232 Do. 
33 | 26 and 27 3 40 | 33 | 1 69 63 18 65 | 55 22 Do. 
34| 28and29..| 4 42| 35] 66 62 20 58|  47| 253| Do. 
5 a ee ee 2 42 37 1: 65 09 19 | 59 46 244 Do. 
SG jes: Fee 1 4] 38 1g 67 58 19 | 60 | dl 212 Do 
37 | 32 and 33 3 46 39 13 66 62 V7 64 51 212 Do 
Bd RSs eee 4 42 36 3 60 59 18 | 70 | 54 233 Do 
39 | 35 and 36 42 40} 35| 18 70 62 18 73| 6L| 2231 De 
AQ | Bie see 4 43| 37 2 77 72 19} ‘73-| Oo fs Do 
ti) ss ee eae! 3 40 37 2 71 60 17 68 | 53 22 Do 


1 Negative at Chicago and positive at Washington—1 of 4 rats fed in Washington showed 4 encysted 
larvz in the diaphragm, other 3 free from trichine. 


An examination of the data presented in the foregoing tables shows 
that the time in the cooler varied from 1 to 7 days, that the time in 
the green room varied from 0 to 33 days, that the time in the drying 
room varied from 17 to 21 days, and that the total period during 


EFFECTS OF PORK-CURING PROCESSES ON TRICHINA. 9 


which the sausage was held after the salt was added to the meat 
varied from 22 to 28 days. Inasmuch as trichine survive in uncured 
meat much longer than 28 days, it may be concluded that the salting 
and drying of the sausage as practiced in these experiments were 
destructive to the trichine. The destruction of the parasites may 
not be ascribed entirely to the action of the salt, since drying enters 
as a complicating factor. It is quite evident, however, that the 
combination of salting and drying during periods ranging from 22 
to 28 days destroyed the vitality of the trichine and that infested 
sausage after such treatment became incapable of producing trichi- 
nosis, with the possible exception of the sausage in Experiment 22. 
The sausage in Experiment 22 (Table 2) was fed to four rats at 
the laboratory in Washington, and on post-mortem examination one 
of the rats was found very slightly infested with trichinz, the other 
three being free from parasites. Three rats fed at the laboratory of 
Establishment 2A, however, escaped infection. The sausage after 
stuffing was kept in the cooler for 6 days, then transferred to the 
drying room, where it was kept for 19 days. The first feeding of 
test animals at the Washington laboratory was given 2 days after 
the sausage was taken out of the drying room, so that a total period 
of 27 days had elapsed from the time the salt was added to the meat 
before the vitality of the trichine was tested at Washington, or 2 
days later than the Chicago test. It is by no means improbable, 
however, that the infection was extraneous, as a result of insufficient 
care on the part of the attendant in cleaning the cages and in feeding 
and watering the animals, thereby contaminating the food or water 
of the rats with material from other cages, some of which contained 
rats which had been fed trichinous meat. But even if the possibility 
of extraneous infection should be left out of consideration the infec- 
tion which was produced was so light as to be practically negligible. 
The post-mortem examination revealed but four encysted trichine 
in the entire diaphragm, which is known to be a favorite location of 
these parasites. Three other rats fed some of the same sausage for 
several days in succession at Washington and three similarly fed at 
Chicago escaped infection entirely. It may be noted in this con- 
nection that the sausage in question was made from pork trimmings 
of three well-infected hogs and that no beef trimmings were added 
to the pork. Thus the conditions were decidedly favorable to the 
production of heavy infections, even if only a small percentage of 
the larve survived the curing and drying processes. The pork 
trimmings used in a given lot of sausage that is prepared for the 
trade usually come from a large number of different hogs and are 
mixed with beef trimmings. This tends to dilute the trichina infec- 
tion, inasmuch as only a very small percentage of carcasses from 
185336°—20— Bull. 880—_2 
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which the pork trimmings are obtained are likely to be infested (less 
than 2 per cent). 

In view of these facts and of the negative results obtained in the 
remaining 40 experiments, a method of preparing dried sausage 
customarily eaten without cooking in which the sausage is dried for 
at least 20 days following a preliminary curing period (in cooler and 
green room) has been approved by the bureau with the provision 
that the product must be held under supervision for a total period 
of at least 25 days from the time the salt is added to the meat, thus 
allowing either a preliminary curing period of 5 days or a corre- 
spondingly longer drying period if the preliminary curing period is 
reduced to less than 5 days. 


DRIED SUMMER SAUSAGE (SUPPLEMENTARY). 


In connection with certain experiments performed at Establish- 
ment 537, relating to pickled summer sausage, the following experi- 
ments were made with reference to a 20-day drying period following 
a preliminary curing period: 

Experiment 42.—Pork trimmings from two trichinous hogs were 
chopped up with equal quantities of beef trimmings, to which was 
added a dry-curing mixture containing but a small quantity of salt. 
Following the stuffing of the meat in casings, the sausage was placed 
in a 70° (salometer strength) pickle and kept in this pickle for 34 
days at a temperature ranging between 36° and 38° F. The sausage 
was then placed in the drying room for 20 days at a temperature 
ranging from 48° to 55° F. Animals fed with this sausage failed to 
become infected. 

Experiment 43.—Another lot of sausage prepared as in Experiment 


42, kept in pickle for 3 days, and then dried for 20 days, also failed , 


to produce infection. 

The experiments described below were performed in the laboratory 
of the Zoological Division at Washington. 

Six and one-quarter pounds of pork trimmings obtained from seven 
trichinous hogs were chopped up with 1} pounds of beef trimmings, 
to which was added a dry-curing mixture containing 4 ounces of 
common salt. After the addition of the curing mixture the meat 
was held for 2 days in a cooler at a temperature ranging from 35° 
to 38° F. It was then taken out of the cooler, part of it was stuffed 
in casings, and the remainder placed in a tin can, which was closed 
with a tightly fitting hd. Five stuffed sausages and the can of 
unstuffed meat were then placed in a refrigerator kept at a tempera- 
ture ranging between 45° and 49.5° F. and held for various periods 
as follows: 

Expervment 44.—One of the sausages was held in the refrigerator for 
3 days. A portion of the meat was then digested in an acidified solu- 
tion of scale pepsin and 279 decapsuled larvee were examined micro- 


- oe 
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scopically. Of these 170 were active, mostly sluggish, though some 
were rather lively. Five rats which were fed portions of the sausage 
became heavily infested. 

Expervment 45.—Another sausage was held in the refrigerator for 
8 days and 280 decapsuled larve isolated from a portion of the 
sausage by artificial digestion were examined and 91 were found 
active, mostly sluggish, though a few were fairly lively. Five rats 
fed on this sausage became heavily infested. 

Expervment 46.—This sausage was held in the refrigerator for 14 
days. An examination of 319 decapsuled larve showed them to be 
inactive, pale in appearance, and uncoiled. Five rats to which this 
Sausage was fed escaped infection. 

Expervment 48.—This sausage was held in the refrigerator for 15 
days; 194 decapsuled larvee were examined and found to be pale in 
color, inactive, and uncoiled. Of 5 rats to which this meat was fed, 
2 became heavily infested, the other 3 escaping infection. 

Expervment 49.—This sausage was held in the refrigerator for 16 
days. A microscopic examination of 219 decapsuled larvae showed 
them to be inactive. Five rats fed on this meat escaped infection. 

Expervment 50.—The unstuffed meat kept in a closed can was held 
in the refrigerator for 16 days. An examination of 141 decapsuled 
larve was made, of which 17 were found to be active; some were 
rather sluggish. Five rats fed on portions of this meat became 
infested, the degree of infestation varying from light to moderate. . 

The results of Experiment 50 are significant, as they indicate that 
evaporation of moisture is a factor of decided importance in the 
destruction of trichine in salted meat, evidently through increased 
salt concentration as a result of the loss of water. The stuffed sau- 
sages in Experiments 48 and 49 lost 24 per cent and 19 per cent of 
their respective weights and yielded upon analysis a salt content of 
4.15 per cent and 3.9 per cent, respectively, whereas the unstuffed 
meat lost no weight from evaporation and its salt content was 3.3 
per cent. 

PEPPERONI. 

The name pepperoni is applied to unsmoked dried summer sausage 
which is stuffed in thin and narrow sheep or hog casings, a special curing 
mixture being used to give this product its characteristic flavor. 

Thirteen experiments with this variety of sausage were carried out 


-at Establishment 3. The same quantity of salt in proportion to the 


quantity of meat was used in this sausage as in the other experiments, 
namely, 34 pounds per hundredweight. In this series pork trim- 
mings from 19 trichinous hogs were used. About 6 sausages were 
used in each experiment, ranging in weight from 14 ounces to 14 
pounds. Owing to the thin and slender casings in which the meat was 
stuffed, the shrinkage was considerably greater than in the case of 
larger dried sausages; it averaged about 40 per cent of the weight of 
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the freshly stuffed sausages. Because of the small size of pepperoni 
and their more rapid drying it was expected that a shorter period of 
drying than that found necessary in the case of larger sausages would 
be found sufficient to destroy the vitality of the trichine, and this 


expectation was realized. The records of the tests with pepperoni. 


are given in Table 3. 


TaBLeE 3.—Experiments with pepperoni sausage. 
(ESTABLISHMENT 3.) 


Preliminary curing. Drying. 
ig Total Hesults of 
x- . ests on 
peri- | Source of | Temperature.| _. Temperature. : | Temperature. oe animals 
ment.| meat Ti Time Time under | at Chicago 
No. ak in in | super-| and Wash- 
cooler.| Maxi-| Mini- | 8T°°" | Maxi-| Mini | TY | Maxi-| Mini [""'""| ington. 
mum. | mum. *|mum.|mum. *|mum.|} mum. 
Hog. Days.| °F J len || TOTES |e Ia oR | Dayse | anche °F. | Days 
51 | 9and 10.. 3 36 34 2 65 54 13 59 48 18 | Negative. 
52 | 26 and 27 3 40 33 1 69 63 13 62 56 17 Do. 
53 | 28 and 29 a 42 35 1t 66 62 14 63 52 19 Do 
SABO Sacco f 42 37 It 65 59 14 59 46 19 Do 
Ns) |} Silsscsacsee 1 41 38 12 67 58 13 59 dl 17 Do 
56 | 32 and 33 3 46 39 13 66 62 12 64 dl 17 Do 
SV ir\ ah Laeou Benes 4 42 36 é 60 59 12 60 54 19 Do 
58 | 35 and 36 44 40 35 13 70 62 12 72 60 18 Do 
5G) S/o a eecbae 4 43 37 18 77 72 11 75 60 17 Do 
GOR SSeeecee eo 3 40 37 2 7] 60 12 68 53 17 Do. 
US eeaso cece 23 39 37 12 65 61 12 60 56 16 Do 
62 | AQ) Seles ee 2 42 38 12 61 52 13 58 53 17 Do 
63 | 41 and 42.. 3 | 40 36 3 62 §8 11 58 53 17 Do. 


The data presented in Table 3 show that the total period during 
which these sausages were held before testing after the curing mate- 
rials were added varied from 16 to 19 days. During that period the 
sausage after stuffing was kept in the drying room from 11 to 14 days. 
Inasmuch as the results of the feeding of experimental animals were 
consistently negative, a shorter period of drying pepperoni than that 
required in the case of iarger sausages has been permitted by the 
bureau. The regulations with reference to those products specify 
drying for at least 15 days at a temperature not lower than 45° F., 
and a total period of not less than 20 days during which the sausage 
must be held after the salt has been added to the meat. 


SMOKED SUMMER SAUSAGE. 


In the experiments described below the sausage was dried for periods 
of 10 days or less. ‘To compensate for the reduced drying period the 
products were smoked at a low temperature for about 40 hours prior 
to drying. 

Thirty experiments carried out in Establishments 2A and 3 are 
summarized in Tables 4 and 5. The sausage used in these experiments 
was made from trimmings from 49 different hogs. The weights of 
the green sausages, of which about 6 were used in each experiment, 
ranged from 10 ounces to 3% pounds, averaging about 2 pounds. 
The shrinkage of the sausages from loss of moisture varied from about 
20 to 40 per cent, depending upon their size, 
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TABLE 4.—Experiments with smoked dry summer sausage. 


(ESTABLISHMENT 24). 


13 


Preliminary curing. Smoking. Drying. te 
Qi | 

} . n 

Temper- 8 . | Temper- E Temper- : . | Temper-| 8 | pouee : 
S| ature. S| ature. =) ature. e2 | ature. |S - ‘animalsat 
7 | Sourceof | ,: atts = a Bl Gh 
«+ | meat. = | bro a4 bold 7.5 | Chicago 
S| g E auis)) CSHE! 5 : ° aif Sg 7 ; On | and 
Qo | 2) g = 7) = = q ety g aA = g g > | Wash- 
E = Ho} se] 8 4 SPADE Se fe eiee | St ale ealcses ington 
3 | eareco creed sos ce shee Poe ete ie 
| ee eerie joe) S| oe | Bele | aa estes 
EI | KH }e |e le = | = = Sh eae = |= |e 

Hog. |Days.| °F.| °F. |Days.| °F.| °F.| Hours.| °F.| °F. |Days.| °F. | °F. |Days. 
64 | 9and 10... 3 36 | 34 S| 65 40 76 | 61 28 | 58] 55 9 | Negative. 
Oba iliaa ss 25-28 5 OSs A DOLRAeE alae |e aete 40 80} 51 10 of | 50} 17 Do. 
66 | 12 and 13-.- 4 AVM poor. foe | oaces [esos 40 89 | 73 8 58 | 49] 14 (1) 
Oa amc Epes ste Alea So ees ee EL eo 41 83 | 64) 10 64} 55] 15 | Negative. 
68 | 16and17..| 4 ANE eS gale eon | Serre [ene 40 87 | 79] 10 62517 5S" |eelG Do. 
69 | 18 and 19.. 4 AAW DeG tyne ao Re SRR EL SB 40 85 | 67 | 11 66} 55] 17 Do. 
70 | 20and 21.-) 5 AIG X2| Ph BW fle nee | apace erase 40 98 | 80] 10 AU Gales Do. 
71 | 22 and 23 4 464 RES est eee ae Se 36 98} 84] 11 86 | 71 163 Do. 
72 | 24and 25 Fe EG ey js ee ee 393 | 90| 80] 10 | 63] 51] 18 Do. 
03) 55 BS OSS See 6 40 | 36 Dhgea| Fo-t-Fo| sere - 293 | 98] 62 9 65 4)P 565) ld Do. 
74 | 16and 17-. 3 ANG lero 2 CALM Be 244 | 98] 81 0) D8) e037] eel Do. 
75 | 18and 19.. 3 41; 35 Ze 70; 62 23 97 81 11 GG Zoos | ale Do. 
76 | 20 and 21.. 3 43, 40 2 72 65 23 100 | 80 11 71 59 17 Do. 
77 | 26 and 27. .- 3 40 | 33 1 69 | 63 40 940-82) } 11 65 | 56! 17 Do. 
78 | 28 and 29 ye | Pe Pele a1) Beers tee esl epee 40 94} 84; 10 9) a a0) | aha Do. 
7D) || US es ese 4 AD | 3st 142) 65 | 59 40 89 | 80} 10 589}. 5041 17 Do. 
SOB rosa sehr 1 4] 38 1 67 | 58 40 88 | 81 11 59 dl 15 Do. 
81 | 32 and 33 3 46 | 39 TS), 66) 0362 40 92} 84}; 10 64 |} 51 17 Do. 
GEA | Bute ee eae 4 42 | 36 12} 65] 59 40 88} 84); 10 60} 55] 18 Do. 
83 | 35.and 36 44 | 40] 35 SNP 10 ae OS 40 97} 78} 10 2a) OO a ela Do. 
Ce Ciscoe acene 42 | 43) 37 Slee! 12. 40 100 &5 10 75 | 60 18 Do. 
a) || Sieg eodsas 3 40 | 36 1 63 | 60 40 92 | 80 9 694|-7 SP ould Do. 
1 Positive at Chicago and negative at Washington. 

2 Before smoking, the sausage of this test was held in green room instead of dry room. 
TABLE 5.—LExperiments with smoked dry summer sausage. 
(ESTABLISHMENT 3.) 

Preliminary curing. Smoking. Drying. 2 
n 
: j Results of 
Temper-| § | Temper- E Temper- 2 Temper- | 5 tests on 
3 ature. 2 ature. S ature. B ature. | 2 |animalsat 
7, | Source of = s 5 = 5:3 | Chicas 
+» | Meat. = g as = ms case 
qq | iS) : i 3 , s ° A : > ate og and 
z See es ee eae Be) epee ye | Et hg ale Wash- 
et | 5 = 5 = =| 5 | heey c= ington 
5 | eee seca Eyre asa B te [eel o a : 
a Seesmic (eS | 8 le Se ie es 
A | Sole Sof th Bath Se I ESHRM Sein | teteal Polealh fe ye bepay| Dal oie 
Hog. Days.| °F.| °F. |Days.| °F. | °F. | Hours.| °F.| °F. |\Days.| °F. | °F. |Days. 
86 | 24and 25..| 4 46 | 43 12 65 | 58 34 85 | 80 13 62 49} 2034 | Negative. 
87 | 26 and 27.. 4 44 | 38 RAP BY || aay! 32 86 | 74] 10 Sh 49 AC Do. 
88 | 28and 29..; 4 44 | 37 2 59 | 58 33 ‘88 | 70 11 02 45 18 Do. 
89 | 30 and 31.. 4 46 | 43 13 | 63 55 32 86 | 75 10 51 45 17 Do. 
90 | 32 and 33.. 5 48 | 44 1 60 | 58 35 115 76 11 52 45 184 Do. 
91 | 34and 35.. 5 45 | 43 1 48 | 46 37 95 | 86] 11 52 | 46] 183 Do. 
92 | 36and 37..| 4 43 | 40 22 | 80 | 54 38 84 |} 78) 10 80 | 65} 18 Do. 
93 | 38 and 39.. 4 49 42 13 65 61 40 86 81 10 5¢ | - 45 es Do. 


The data presented in Tables 4 and 5 show a discrepancy in the 
results of the feeding tests in only one experiment, namely, Experi- 


ment 66, Table 4. 


Two rats fed at the laboratory of Establishment 


2A became infected, whereas 4 rats fed in the laboratory at Wash- 


ington escaped infection. 


The difference in time between the first 


14 BULLETIN 880, U. S. DEPARTMENT OF AGRICULTURE. 


feedings in the two respective laboratories was 5 days, and the salt 
in the sausage that was forwarded to Washington thus continued to 
act just so much longer than in the case of the sausage of the same 
lot that was fed to experimental animals in Chicago. To this factor 
the above-mentioned discrepancy in the results of the feeding test is 
probably to be ascribed. From this experiment it may be concluded 
that a drying period of 8 days following 40 hours of smoking and the 
usual preliminary curing process is insufficient for the destruction of 
trichine in sausage. 

On the basis of the 30 experiments summarized in Tables 4 and 5, 
the results of which showed that no trichine survived, except in Ex- 
periment 66 in which the drying period was only 8 days, the following 
specifications for a method of preparing sausage have been approved 
by the bureau as meeting the requirements for the destruction of 
trichine. After a certain preliminary curing as specified the sausage 
must be smoked for not less than 40 hours at a temperature not lower 
than 80° F., dried for not less than 10 days at a temperature not 
lower than 45° F., and altogether held under supervision for at least 
18 days from the time the salt is added to the meat. These specifica- 
tions thus allow a period of about 6 days for preliminary curing. If 
the period of preliminary curing is curtailed below 6 days the products 
are required to be held for a corresponding period in excess of 10 days 
in the drying room. 

PICKLED SUMMER SAUSAGE. 


A small series of tests with pickled summer sausage prepared at 
Establishment 537 in a manner similar to that described under 
Experiment 42 is summarized in Table 6. The products were smoked 
for about 50 hours, followmg preliminary curing, and then dried 
for 10 days, as indicated in the table. Experimental animals fed 
with this sausage failed to become infected. 


TABLE 6.—Experiments with smoked pickled summer sausage. - 


(ESTABLISHMENT 537.) 


| Preliminary curing. | Smoking. Drying. S 
live hace | | ; : Results of 
| | | esults 
‘ Temper- | = | Temper- | E | Temper- | d Temper- | 5 tests on 
| | S | ; | ‘ To: 
S SonEceore| 53 ature. S ature. 2 | ature. g | ature. = 5 jaaumalsal 
~ meat. | = > Be =| | =.2 | Chicago 
a | bes bP in Sh es ; e : ; Pp : . | om and 
= re Pe | gS 1B | ele be ee |) Sl ee | eee 
ai | =) =} a) a 5 = = Ss | ae | Te i f 
7 S| 8 Bl ce SB PS) (SP DS Ie eet 1S ieee eee 
a | le fac a feo Vat joe ol mez > cme = false fee feria Shoei cents Ss 
g Bees (ee Ss | SO Base ese ee a Seem 
Hog. Days.| °F.| °F.|Days.| °F.| °F. |Hours.| ° F.| °F. |Days.| °F. | ° F.|Days 
94 | land 2.... : 36 | 34 qi 36 50 925 98 70 10 52 46 18 | Negative. 
$5 | land 2 2% 38 36 2 52 46 52 100 74 10} 50) 46 17 fe) 
96 | land 2 4 36 34 2 00} 48 51 107 72 10 00 | 46 18 Do 
97 | 3and4 3 40 36 23 70 6S 48 102 70 11 50} 48 19 Do 
98 | 3and 4 3% 38 | 36 4% o4} 50 o4 } 101 | 78 10} 55] 48 20 Do 


es 


a 


i 


~\ 
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SAUSAGE SMOKED AT TEMPERATURES OF ABOUT 100° F. 


In the experiments described below, the sausage was smoked for 
six hours at a temperature of about 100° F. following the customary 
preliminary cure in cooler and green room, and then dried for about 
10 days. The records of these experiments, 19 in number, are 
summarized in Tables 7 and 8. The sausage used was made from 
pork trimmings from 36 carcasses. The same preliminary curing 
process was used as in the other experiments. The weights of the 
individual sausages, about nine of which were used in each experi- 
ment, ranged from 8 ounces to 1? pounds. The shrinkage of the 
sausages averaged about 25 per cent. 


TABLE 7.—Experiments with smoked summer sausage. 
(ESTABLISHMENT 3.) 


Preliminary curing. Smoking. Drying. BS 
1} 
° ned 
j : > | Results of 
Temper- 5 Temper- SI Temper-| g | Temper- aa tests on 
3 : ature. 5 ature. 2 ature. 3 ature. [SS lanimalsat 
7, | Sourceof | ¢ is ) 2 5% | Chicago 
“= meat. a ; 5 3 bo a ane 
. 5 ° : ° = s ° - 
on 8 | q g | & g g = Fig | 3 |8|¢ 8.8) Wash 
a: q = “eI q 3 q 3 |6Ba4| ington 
5 ee eee ele ey sale ins ac orclwe. 
t er q q Tol . oT | q Ban 
2 Hl2|4| £ ce ole ee, tog |e eee Bee tea 
ao a |S He |/ale a =a/ea]/ e/a] 24 (8 
Hog. Days.| °F.| °F. |\Days.| °F.| °F. | Hours.) °F. | °F. |Days.| °F. | °F. |Days 
99 | land2....| 3 |42 138 2 63 |67 6 | 109 |96 10 | 624 [54 15 | Negative. 
100 | 8and4....| 234 |48 36 12 66 162 6 | 101 |95 19 64 155 15 Do. 
101 | 5and 6.... 2 |38 34.5 2 65 |61 6 | 103 |95 10 64 {55 14 | Positive. 
102 | Vand 8....| 22 |36.5 [33.5 2 63 159. 5 8 | 102 |95 8% | 54 [46 14 | Negative. 
103 |} 9,10, 11.... 34 139. 5 |26 32 62 |59 6 | 108 |95 11 60 |47.5 18 Do. 
KOS ai Pee cee | 2  |38. 5 134. 5 2 60 156 6 | 105 |95 9 51 |46 13 | Positive. 
105 | 13 and 14 3/40 [34 13 59 158 6 | 108 |94 15 | 54 |47 20 Do. 
10}), -Miysecbeueec 3 43 42 3 61 |60 7 | 106 |90 10 68 |47 16 | Negative. 
107 | 16 and 17 3/46 |42 14 | 62 |56 6 | 104 |91 10 | 67 + |49 15 1) 
OSH el Sees aarercs 3 |48  |42 12 66 |63 6 | 106 |99. 5 10 | 71 |55 15 | Positive. 
109 | 19 and 20.. 4 153 47 13 78 |50 6 | 102 |95 11 89 |68 17 | Negative. 
110 | 21 and 22.. 4 143 10 1g | 69 |65 6 | 102 |71 Dy 23/52 I Do. 
1 Positive at Chicago and negative at Washington. 
TABLE 8.—Experiments with smoked summer sausage. 
(ESTABLISHMENT 24.) 
Preliminary curing. Smoking. Drying. z 2 
a Oo eceont 
: S esults 
Temper:| & | Temper- 8 | Temper- g | Temper-|5°2 | tests on 
> F ° bho i 
S Sirenot i ature. 2 ature. E ature E ature x 5 Bema ee 
: meat. a aa 8 a ees Se, alee AG 
B © | gf ® | f | g Bo) Ss) sles ees aso) wash: 
g Be uled iS los a |e/3|4 |_| & se] ington. 
S DAs ited oleae! | soul ets id We Bolas lest thee S 
: alelg/elaselalelalélalege 
3) H s A H = Bi a | = = 1a |e 
per. se | 
Hog. Days.| °F.| ° F.|Days.| °F.| ° F.|Rours.| °F.| ° F.|Days.| ° F.| °F. | Days. 
111 | 1to3-. 5 39 | 36 ya erepeietal Siete 6 96 | 95 10 | 67] 5d 17 | Negative. 
112 | 7and& 7 40 | 33 2 53 | 52 63 | 100 | 97 10} 61 50 19 Do. 
dEUS sees eo 3 38 | 35 2/1 60) 57 6 99 | 95 10} 57) 52 14 Do. 
114 | 12and 13.. 3 36 | 33 2/1 64] 59 6 | 104] 96 9| 60] 49 13 | Positive. 
115 | 14and 15.. 13 || 39) 35 &| 64] 60 6 | 102] 93 10 | 64] 53 13 | Negative. 
116 | 22 and 23.. 3 46 | 37 1 86 | 79 10 97 | 84 1S Si leedl 17 Do. 
117 | 24 and 25.. 4 42 | 36 3 77 | 62 8 97 | 85 10 | 68) 51 15 Do. 
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The data presented in Tables 7 and 8 show that the sausage in the 
6 experiments that yielded positive results was held for periods 
ranging from 13 to 20 days, and that the sausage in the 13 experi- 
ments that yielded negative results was held for 13 to 19 days. The 
difference in results is accordingly not to be explained on the basis 
of differences in the drying period. Evidently the method of smoking 
sausages for a few hours and then drying for 10 days is not a reliable 
method for the destruction of trichine. 

The detailed results of the feeding tests with the sausage that 
produced infections are as follows: 

Experiment 101.—¥our rats were fed in Washington, of which 1 
developed a heavy infection, 2 developed slight infections, and 1 
escaped infection entirely. The results of feeding experimental 
animals in Chicago were also positive. The sausage was 2 days in 
transit from Chicago to Washington. 

Experiment 104.—An examination of several decapsuled larve in 
the laboratory at Washington showed that most of them were uncoiled, 
but that a few were coiled and active. Four rats fed portions of the 
sausage developed heavy infections. The results of feeding animals 
in Chicago were also positive. This sausage was 3 days in transit 
from Chicago to Washington. 

Experiment 105.—Three rats were fed in the laboratory at Wash- 
ington; 2 escaped infection and 1 developed aslght infection, showing 
but 2 encysted trichine in the diaphragm. Results positive in Chi- 
cago. Thesausage was 2 days in transit from Chicago to Washington. 

Experiment 107.—Results of feeding experiments in Washington 
negative; positive in Chicago. The sausage was 2 days in transit 
from Chicago to Washington. 

Exnervment 108.—-Six rats were fed in Washington; 3 developed 
moderate infections and 3 escaped infection. Results in Chicago posi- 
tive. The sausage was 2 days in transit from Chicago to Washington. 

Experiment 114.-—-Three rats fed in Washington developed mild 
infections. Results in Chicago positive. The sausage was 4 days in 
_ transit from Chicago to Washington. 

The data with reference to this sausage indicate that trichine may 
show considerable variation in vigor and resistance to unfavorable 
conditions, since larve from certain carcasses survived treatment 
apparently similar to that under which larvee from other carcasses 
failed to survive. 


SAUSAGE SMOKED AT TEMPERATURES OF ABOUT 125° TO 130° F. 


A considerable number of experiments were carried out at four 
establishments to determine the possibility of preparing sausage of 
kinds customarily eaten without cooking so as to obviate the necessity 
of a relatively long period of drying and yet render the product 
innocuous so far as concerns trichinee. To compensate for the omission 
of drying, high-temperature smoking was substituted. This further 
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necessitated a relatively brief smoking period, since prolonged high- 
temperature smoking would tend to impart to the sausage a cooked 
flavor and thus injure its commercial qualities. 

As a result of certain laboratory experiments, some of which have 
been presented in a former paper (Ransom and Schwartz, 1919), it 
has been shown that trichine die at temperatures considerably below 
their thermal death point, provided they are held at these tempera- 
tures for sufficiently long periods. This fact was given consideration 
in arranging the experiments with this variety of sausage. The fact 
that se was mixed with the meat was also taken into consideration, 
since a series of experiments, to be described later, demonstrated that 
as a result of a previous exposure to salt for a geen period encysted 
larvee become more susceptible to heat than those which have not 
been exposed to the action of sait or which have been exposed for 

riefer periods. 

The feeding tests with this sausage were carried out at the labora- 
tories of meat-packing establishments and in Washington, as follows: 
Some of the sausage from each test was fed to experimental animals 
at the laberatory of the Zoological Division, Washington, D. C., 
where sausage of each lot was sent as well as some meat from other 
sausage of the same lot from which the salt had been removed by 
washing with water. This involved the use of two series of rats in 
testing the sausage and the washed meat sent to Washington and 
enabled us to determine whether the continued action of the salt 
in the sausage during the period required to ship it from Chicago to 
Washington might play a part in the destruction of the parasites. 
The sausage prepared at Establishments 2A and 3 was fed to experi- 
mental animals at the laboratories of the respective establishments 
and at the bureau laboratory in Chicago. The sausage prepared at 
Establishment 314 was fed at the laboratories of Establishments 2A 
and 3 and at the bureau’s laboratory. Feeding tests with sausage 
prepared at Establishment 537 were conducted at the bureau labora- 
tory at Chicago, at the laboratory of Establishment 2A, and in the 
laboratory of the Zoological Division in Washington. 

In all, 57 exneriments were carried out with sausage prepared from 
trimmings from 74 hogs. The sausages ranged in weight from three- 
fourths of a pound to 5 pounds. The shrinkage in the case of the 
smaller-sized sausages varied from about 20 to 30 per cent of the 
weight of the green sausages, whereas the larger-sized sausages lost 
only 10 to 15 per cent of their green weight as a result of the various 
treatments to which they were subjected. 

In these experiments the sausage was smoked for 12 hours following 
@ preliminary curing period in cooler and green room. During the 
smoking period the temperature varied considerably, but from the 
fifth to the ninth hour it was usually maintained in the neighborhood 
of 128° F. or higher and then allowed to go down gradually during 

the remainder of the smoking period, but not oslo 90° F. In other 
185336°—20— Bull. 880-3 
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words, the 12-hour smoking period consisted of three stages, approxi- 
mately as follows: Four hours were required to bring the temperature 
of the smokehouse to or near the maximum to be attained; during the 
next four hours the smokehouse was kept at about the maximum 
temperature, and finally the temperature was allowed to go down 


gradually to 90° F. or at least to approach this temperature. a | 


This method of smoking following an adequate curing period 
proved to be efficacious in destroying the vitality of trichine, as the 
data presented below will show. The records are seen in Tables 
9, 10, 11, and 12, grouped according to the establishments at which 
the experiments were conducted. | 


TABLE 9.—Experiments with fresh summer sausage. 
(ESTABLISHMENT 2A.) 


Preliminary curing. _| Smoking. 
| 
Tem- : Tem- g Tem- Results of 
‘ pera- | § pera- S) pera- tests on ys 
S : ture. 3 ture. 2 ture. animals - 
Z Source of| § m & at Chi- 
= meat. rs) = b> : Temperatures of smoke- 
S| : : pe o and 
g Sidgid|/sc /di¢d A |g g house, °F.1 Washing- 
| goiise|(s | 2eibS Wis: eeeoeas ion. 
5 @ 18) 5. @ 1 Se 8 | tee Le ie 
a 213/818 |s/8/] 8°18 1s 
i) BlSslia]/e els) S sails 
Hog Days (°F °F \Days.| °F.| °F. Hours.|° F.| °F. 
118 | 7 : ET pe a bestepigl Bs 12} 130) 100, 100, 108, 108, 110, 112, 118, 118, | (2). 
| 120, 120, 121, 128, 130, 118. 


3| 36 34, §| 65] 63 12] 126) 180 100, 108, 118, 124, 126, 124, 118.| Negative. 
TELIA eh ey ea 3| 38 35/ 131 60] 51 12| 128) 82) 82, 91, 99, 111, 118, 127, 128, | (3). 
| | | 128, 126, 127, 115, 99, 95. 

120| 12and13.; 3] 36 33 2 64] 68 12| 126; 90, 90, 99, 110, 120, 126, 126, 126, | (). 
| 126, 126, 114, 114, 114, 115. 

121} 14and15.} 1§ 39 35) 1] 65] 60} 12] 127| 78| 78, 88, 97, 103, 105, 124, 127, | Negative. 
|  193,'124’ 127,119, 114, 111. 

122 | 16and17.|. 3] 411 37] 2| ‘7il 67 24] 130) 80 80,81) 83, 84, $4, 84, 84, 94,108,] Do. 


| 427, 130, 127, 127, 127, 116, 
/ 103,106 


123 | 18and19.) 3] 44) 35] 231 70] 62 15| 130) 72 72, 80, 90, 102, 109, 118, 125,} Do. 
130, 128, 128, 126, 119, 111, 
110. 

124 | 18and 19. 


127, 128, 129, 122, 112, 110. 


| 
41] 341 521 71] 63) 4 m) 80, 80, 82, 89, 109, 112, 127, 126,} Do. fs 
| 5 
| 76| 76, 92, 111, 126, 128, 127, 127,| Do. 


125 | 20andQ1. 43} 40] 23| 72l 65| 15) 128) 
| | 128, 122,119, 114, 111, 108. 
| 129) 96 96, 108, 129, 129, 129, 120,110.. Do. 


3 
3 
126! 22and23.| 4] 46 37) 1| 86 ail 
53i4 45] 236 [ere [oe | 12) 131, 94 94, 107, 112, 122, 128, 130,129,| Do. 


12 
127 | 24and 25. 
| | | 131, 130, 121, 114, 109. 95. 
128 | 26and27.| 44! 40 33/ 1/| 68] 63] 12) 130) 90) 90, 95, 98, 121, 128, 130, 130,| Do. 
| | 130, 130/121,115,110,104. | 
129 | 28and29.| 4] 39 35 131 66] 62 12) 132) 97) 101, 102, 109,120, 129,130,131, | Do. 
| | | 130, 132, 116, 105, 102, 97. 
13051 G0! a eae 4| 42) 37] 18! 65] 59 12) 130] 94) 94, 98, 104, 123, 129, 128, 130,| Do. 
| : | | 129,129,121, 114,108,990. | 
ZIM AG tees. es 5| 41, 37|/ 1] 62) 61! 12) 131) 90) 95, 102, 110, 117, 128, 130,130,| Do. 
| | | | 131, 129, 118, 104, 97, 90. 
132 | 32and33.| 4$) 46 381 1] 64] 62 12) 130/ 90) 90, 99, 113, 121, 129, 130,129,} Do. 
| pes (ea 130, 130, 120, 110, 98, 94. 
ie) | eee eee 4| 42} 36 12! 60] 59 12, 129) 90) 90, 100, 109, 118, 129, 138, 129,|] Do. 
i | oe | | | _ 128, 128, 123, 115, 101, 90. 
134|35and36.| 441 40) 35| 12] 701 67 12 129) 92) 92, 106, 114, 120, 128, 129,128, Do. 
| | an 129, 129, 119, 113, 108, 102. 
A535 PS Too cl 43) 43) 37, 1| 77] 74 12 130} 91 91, 102, 112, 117, 138, 129,129,| Do. 
jae (pea aoa | | 130, 130, 121, 114, 109, 105. <N 
1361) BS 54140) 36) 1 |..--- Be 12 132} 95) 95, 102, 110, 119, 128, 129,129,| Do. 
| | a | 132, 130, 118, 110, 104, 100. 


1 The temperatures were taken at the beginning of each hour and are given in the order in which they 
were taken. In a few cases the temperatures were taken once in 2 hours. 

2 Negative at Chicago; no tests at Washington. 

3 Negative at Chicago; positive and negative at Washington; see pages 20-21. 

4 Positive at Chicago; positive and negative at Washington; see page 21. 

6 In addition to 2 days at 71° to 63° F., this sausage was held 15 hours in an unused smokehouse at an 
undetermined temperature. 
ie ene rat out of 3 at establishment 2A showed one trichina well encysted, evidently from a previous 

ection. 


| Experiment No. 


Ht et ft 
oo Go oO 
(tolls ols | 
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Source of 
meat. 


Hog. 
7and8... 
9toll.... 


19 and 20. 
21 and 22. 
24 and 25. 
26 and 27. 
28 and 29. 
30 and 31. 
32 and 33. 
34 and 35. 
36 and 37. 
38 and 39. 


Time in cooler. 


TABLE 10.—Experiments with fresh summer sausage. 


(ESTABLISHMENT 3.) 


Preliminary curing. 


or on 


ers 


Tem- 
pera- 
ture 


Maximum. 
Minimum. 


137/81. 5 
130/90 
137|84 
127/94 
136)95 
135/99 


Tem- g Tem- 8 
pera- 8 pera- iS 
ture. ey ture @ 
5 S 
. A o : . 
g/g] ®|ela| § 
fala) (eae =a |= | 
ES lpGan fou) Siclbe bers 
Be | eck) ee ig 
Pio tf te = |= a 
°F.) °F.|Days. | °F. | ° F.| Hours. 
36.5133.5, 2|63 [59.5] 12 
39. 5136 2] 62 |59 23 
38. 5134.5]  13| 60 [56 64 
40 |34 14] 59 [58 9 
iB 42 231 61 (60 9 
46 |42 14] 62 (56 gi 
48 |42 3 | 71.5163 12 
153. 147 s| 7g |78 12 
43 |40 13] 69 [65 12 
146 |43 13] 65 [58 12 
44/38 2163 |54 12 
44 137 | 13] 59 [58 12 
46 |43 2163 |55 12 
4g |44 1| 60 |60 12 
44 |43 1/48 146 12 
42 40 231 80 154 12 
49 |43 18] 65 |61 12 


Smoking. 


Temperatures of smoke- 
house, °F. 


100, 110, 109, 119, 119, 128... 

100,103,103, 110, 130, 125... _.. 

81.5, 108, 134.5, 128, 122, 134, 
Tin 134) 

90, 88, 96, 128, 114, 125, 120, 
126, 126, 130. 

84, 95, 118, 126, 119, 124, 128, 
128, 137. 


| 100, 94, 110, 118, 126, 118, 127, 


124, 122, 110, 96. 


| 95, 100, 98) 110) 114, 126, 124.5, 


136, 131, 129, 109, 102, 99. 
102, 107, 110, 128, 133, 130, 135, 
135, 120, 101, 102, 99. 

71, 120, 112, 122, 128, 130, 137, 
120, 118, 124, 125, 121, 118. 
90, 106, 110, 112, 116, 140, 132, 
127, 128, 121, 117, 112, 110. 
90, 95, 100, 107, 122, 129, 130, 
128, 129, 128, 114, 116, 112. 
80, 110, 109, 113, 120, 124, 128, 

126, 142, 126, 111, 94, 91. 

94, 110, 107, 105, 98, 127, 132, 
125, 124, 120, 122, 118, 119. 
90, 100, 118, 124, 123, 132, 138, 
138, 136, 130, 133, 135, 132. 
90, 100, 98, 95, 102, 133, 132, 
127, 125, 105, 116, 112, 110. 
90, 90, 94;-92, 117, 129, 130, 129, 

128, 128, 115, 106, 106. 
98, 91, 97, 96, 110, 130, 129, 
129, 130, 120, 108, 102, 100. 


19 


Results of 
tests on 
animals 
at Chi- 
cago and 

Washing- 

ton. 


Negative. 
Do. 
Do. 


Do. 


1 The temperatures were taken at the beginning of each hour and are given in the order in which they 
were taken. 


a | Experiment No. 


Ss oe 
or or 
> Ou 


Source of 
meat. 


Hog. 


3 and 4... 
3 and 4... 


14and 152 
l4and 152 
14and 152 


were taken. 
2 These hogs belonged to the series of experimental hogs used at Establishment 2A. 


TaBLE 11.—Experiments with fresh summer sausage. 


(ESTABLISHMENT 537.) 


Preliminary curing. 


Time in cooler. 


Days. 
3 


= Tem- E 
S pera- 2 
Ss ture © 
= Ws 
2 gee e ° 
= aS g 
too) g q n 
A 5 z & 
2 | \e| @ 
Eee amet? 2 
She o|fees Weebl Nee 
Days.| °F. | ° F.| Hours. 
ee ined 12 
13 | 72) 68 12 
32 | 70 | 66 12 
23 | 68 | 62 12 
23 | 68 | 64 12 


233 
ee 8 


Maximum. 
Minimum. 


Smoking. 


Temperatures of smoke-, 
house, °F.1 


Results of 
tests on 
animals 
at Chi- 
cago and 

Washing- 

ton. 


85, 90, 100, 108, 112, 118, 120, 
122, 128, 122; 118, 116, 110. 
105, 111, 114, 116, 120, 122, 122, 
122, 124, 114, 128, 124, 118. 
70, 78, 85, 92, 115, 120, 128, 
126, 126, 128, 132, 115, 108. 
70, 80, 86, 91, 112, 120, 126, 
130, 132, 134, 128, 126, 116. 


76, 78, 92, 105, 115, 120, 128, 


130, 130, 128, 130, 128, 112. 


Negative. 


1The temperatures were taken at the beginning of each hour and are given in the order in which they 
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TABLE 12.—Experiments with fresh summer sausage. 
(ESTABLISHMENT 314.) 


Preliminary curing. Smoking. 
[ae | 
Tem- | Tem- 2 Tem- jeesults of 
° pera = pera- 2S pera- animals 
S Source of B ture S ture. g ture at Chi- 
= supe 3 |S 3 = Temperatures of smoxe- | €ag0 and 
8 Vala | So ase leg eo aise house, °F.1 Washing- 
= & |la/si|- a ie i Ss a |= ton. 
g 2/5/88) 2 /e\)8) 9 lal 
cy ee Pe el arts =| i ads 
iS Sl oh pet = |= o 2/= 
Hog. |Days.|°F.|° F.\Days.| °F. | Silas es ae | : 
1593) ee toss a 3 | 38/33] 12] 70) 68 12 es 108 | 114, 114, 125, 116, 122, 126, | Negative. 
115, 115, 110, 112, 112, 110; 
108. 
160 | 1 to3--. 5d | 38} 33 13 | 72) 68 12 |127 | 88 | 88, 96, 110, 115, 120, 124, 126, Do. 
127, 125, 122, 118, 112. 
161 | 1to3-. 7 | 40} 33 24 | 70] 68 12 |126 | 92 | 92, 92, 98) 102, 108, iltly/ Thr Do. 
| 118, 115, "126, 122, 120, 118. 
NG2h 4s see ee 2| 38 | 34 24 | 70} 68 12 |126 | 92 | 92, 92, 98, 102, 108, 117, 117, Do. 
118, 115, "126, 122, 120, 118. 
HOSMNA Sse sec 3 | 38 | 34 12 70 | 64 12 |127 |105 | 90, 105, 111, 114, 119, 122, 120, Do. 
122, 122, 124, 127, 117, 110. 
HOA AS sence 2| 38 | 34 13 68 | 68 12 |126 |106 | 110, 112, "415, 118, 120, 126, Do. 
aa 106, 118, 113, 110, 110, 108, 
| 108. 
GOW A oe See 2 | 38] 36 PATA TAU 8 12 |127 | 95 | 90, 95, 108, 111, 118, 124, 127, Do. 
125, 120, 118, 116, 114, 110. 
1660 |(OsS: 25542 3, 38 | 34 2; 70) 68 12 |127 | 90; 90, 90, 108, 108, 115, 115, 115, Do.? 
| | 127, ‘Ls, 122, 118, 110, 104. 
Gy fal PER eee = 3 | 40 | 36 23 | 72) 68 12 |130 | 88 | 88, 93, 96, 98, 108, 114, 117, Do.? 
| | 130, 128, 122, 122, 120, 118. 
168 | 113. 3 | 38 | 36 13 | 70 | 68 12 138 | 68 | 58, 62, 68, 78, 88, 100, 116, 130, Do. 
H as 124, 120, 120, atid 
AGO) Weletis= = 3 2| 40 | 38 13) 68 | 66 12 |132 | 75 76, 86, 98, 111, 115, 122, Do. 
| eee | 4s of 194 193° 130,118 3, 112. 
70) tl Soo 2/40) 26] 2| 70/66] 12 |132/ 67 | 67, 73, 75, 79, 104, 117, 127, | Do. 
| | 126, 132,126, 126, 115, 108. 
171 | 13and144| 2] 40] 36; 14] 70 | 66 12 |132 | 70 | 70, 74, 78, 98, 126, 128, 128,| (4,5) 
| 132, 130, 128, 121, 117, 112. 
172 | 13and 144 2 | 38 | 35 23 | 70 | 66 12 |128 | 68 | 68, 80, 90, 110, 120, 126, 127, | Negative. 
| | 126, 128, 126, 118, 110, 102. 
173 | 13and 144 3 | 40 | 35 3 | 70 | 66 12 |132 | 76 | 76,77, 77, 97, 126, 126, 130, 132, (8) 
| | | 128) 128, 124, 112, 107. 
| 


Es ane pel be sabres were taken at the beginning of each hour and are given in the order in which they 
2 Negative at Chicago; no tests at Washington. 
3 Trimmings for this test obtained from Hog 11 of the: series used at Establishment 2 
4 Trimmings for this test were obtained from Hogs 13 and 14 ofthe series used at Establishment 3. 
5 Positive and negative at both Chicago and W ashington, see page 21. 
6 Negative at Chicago, negative and positive at Washington, see page 21. 

An examination ot the data presented in Tables 9, 10, 11, and 12 
shows that in the majority of the experiments the sausage was 
smoked for 12 hours following a preliminary curing period which 
varied considerably in duration, but did not as a rule exceed 6 days. 
Some of the sausages of each lot prepared at Establishments 2A 
and 3 were freed from their salt content as soon as they were taken 
out of the smokehouse and were fed to experimental animals at the 
establishment and bureau laboratories in Chicago. Some of the test 
animals in 4 of the 57 experiments became infected. In two of 
these 4 experiments the positive results from feeding animals are 
questionable, namely, Experiment 119 and Experiment 173. 

In Experiment 119 some of the sausage was ground up and washed 


to remove the sait shortly after it reached the Washington laboratory. 
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The meat was fed to 4 rats, all of which escaped infection. Portions 
of meat from the same lot of sausage which was freed from its salt 
content in Chicago before being shipped to Washington were fed to 
4 rats, one of which became slightly infected, only 12 encysted 
trichine being discovered in the entire diaphragm. Portions of 
sausage from this lot were fed to 3 rats at the taboratory of Estab- 
lishment 2A and to several mice at the bureau’s laboratory at Chicago, 
but none of these animals developed an infection. 

In Experiment 173 4 rats fed in Washington on sausage meat 
freed from its salt content in Chicago did not become infected. 
Of 4 rats which were fed portions of sausage forwarded to the Wash- 
ington laboratory 3 escaped infection and 1 developed a moderate 
infection. Portions of sausage of the same lot were fed to experi- 
mental animals at Chicago without producing infection, as follows: 
Three rats at the laboratory of Establishment 2A, 3 mice at the 
laboratory of Establishment 3, and 3 mice at the bureau laboratory. 
This makes a total of 17 animals to which this meat was fed, of which 
only 1 developed an infection. In view of the negative results at 
three different laboratories at Chicago, the one positive result at 
Washington appears rather questionable, particutarly because, ac- 
cording to the records, the intact sausage produced the infection, 
whereas the washed sausage meat yielded negative results. 

The details of feeding tests in the 2 other experiments which 
yielded positive results are as follows: 

In Experiment 120 portions of the intact sausage were fed to 3 rats, 
none of which became infected. The sausage meat deprived of its 
salt content in Chicago was fed to 4 rats at the Washington labora- 
tory. Of these 1 escaped infection, 1 developed a moderate infection, 


~ and 2 developed very shght infections, showing 1 and 4 encysted 


larvee, respectively, in their diaphragms. Three rats to which 
sausage from this test was fed at the establishment laboratory in 
Chicago escaped infection. Several mice fed at the bureau labora- 
tory in Chicago were also negative. 

In Experiment 171, 4 rats fed portions of several sausages shipped 
to Washington escaped infection. Sausage meat freed from its 
salt content at Chicago and shipped to Washington was fed to 4 rats, 
1 of which escaped from the cage and was not afterwards found. Of 
the remaining rats 2 became heavily infected and 1 developed a mild 
infection. Three mice were fed at the laboratory of Establishment 
3, of which 1 became infected and 2 escaped infection. ‘Two addi- 
tional lots fed in Chicago escaped infection. 

Summarizing the results of the feeding experiments with this 
variety of sausage, 4 tests yielded positive results, which in case of 
Experiment 173 is of doubtful validity and for which extraneous 
infection may have been responsible. The results of Experiment 119 
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also appear doubtful in view of the negative results obtained at 
Chicago. Of the remaining tests, one, Experiment 120, produced a 
very mild infection in 1 out of 14 test animals. The sausage in 
these tests was subjected to very short curing periods—less than 
6 days—which may perhaps account for the positive results. It is 
interesting to observe in this connection that intact sausage in these 
latter tests that was forwarded to Washington was innocuous as 
shown by the results of the feeding experiments, indicating that the 
continued salt action for an additional period of a few days (4 days 
in each case) was the probable factor that brought about a complete 
destruction of the parasites. 

Inasmuch as preliminary curing of sufficient duration appears to 
be a decided factor in destroying trichine, as well as the temperature 
and duration of smoking, the bureau specifications for the prepara- 
tion of fresh summer sausage containing the muscle of pork require 
at least 6 days of curing to be followed by at least 12 hours of smoking, 
of which the first 4 hours may be utilized for raising the temperature 
of the smokehouse to at least 128° F. The smokehouse is required 
to be maintained at this or a higher temperature for the succeeding 
4 hours, and may then be lowered gradually to not less than 90° F., 
a period of not less than 4 hours being consumed in lowering the 
temperature. 

EXPERIMENTS WITH ITALIAN STYLE HAMS. 

The experiments with Italian style hams carried out at Establish- 
ments 2A and 3 were 58 in number, each of which involved the prep- 
aration of from 2 to 6 hams. These ranged in weight from about 
10 pounds to 36 pounds when placed in cure. The hams utilized in 
the experiments were obtained from 105 hog carcasses. In practice 
the hams selected for preparation as Italian style hams are usually 
obtained from lean stock and generally range in weight from 12 to 
17 pounds. The followmg method was employed 1 in the preparation 
of the experimental hams: 

The hams were cured by a dry-curing process. The curing mix- 
ture consisted of salt (on the basis of 4 pounds per hundredweight 
of meat), sugar, and potassium nitrate. In addition to the curing 
mixture, a pickle solution was generally used, this being injected 
into the hams with a pickle pump. The dry salt was applied in a 
thorough manner to the lean meat of each ham. The pickle solution, 
which generally contained about 25 per cent of salt, was injected in 
small quantities in the shank and flank side of the body of. the ham. 
Between the seventeenth and the twentieth days after the beginning 
of the cure the hams were overhauled and additional salt was applied. 
At the end of 40 days the hams prepared at Establishment 3 were 
taken out of cure and soaked for a few hours in warm water at a 
temperature not exceeding 70° F., but were not subjected to any 
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other treatment designed to remove the salt from the meat, except 
uperficial washing. The hams prepared at Establishment 2A were 
cured for varying periods, depending upon their weight as indicated 
later. Upon removal from cure they were subjected to soaking and 
superficial washing as described above. The subsequent treatments 
consisted either (1) in smoking or so-called pale-drying (drying in a 
warm room) at a temperature not lower than 95° F., or (2) smoking 
for various periods as shown in the table at a temperature not lower 
than 80° F., followed by a period of drying of not less than 20 days 
at a temperature not lower than 45° F. 

The records of experiments with hams summarized in Table 13 
were preliminary to experiments summarized in Tables 14 and 15, 
the hams having been prepared from an earlier series of experimental 


hogs. 
TABLE 13.—Experiments with Italian style hams. 


(ESTABLISHMENT 3.) 


| mn 
Preliminary F 3 | 
curing. Drying. | & 
ele 
So 
| Tempera: ; |Temper | aS 
3 Sara al 3 ara tte 5 ae pe eas 
iz meat.? 5 5 a El 2 as Remarks. 
S 2) sare SIDE Wools bal 7 Feed nats) Be) Sta o”, 
i 5 2 S | = hi eisatlenish 3 (Io teh [Est aaa 
= se Fe ites Blase ee ol Pes bee lca] Ooee t= ae eee] 
= | >» Te Postal = 
5 2 ike Fe |S ts pec, | 8 
es z| = Be fe |S) a erst eg 
j | 
Hog Lbs. | Days. | °F.| °F.| Days.) °F.) °F | 
NOG AGES. scene 1 323 55, 363) 32 10 105; 92) Negative. .| 3 days en route plus 8 
| | days in cold room. 
197 | 2and 3...... 2! 243-27 55) 363] 32 10} 102} 90!...do....... 4 days en route plus 4 
| | | days in ice box. 
198 | 4and 5...... 2} 28 -283 54) 363) 32 10)=102) 90) doz... Do. 
199 | 6and 7...... 2) 243-263 55| 37] 33 10} 162} 92)...do.......| 3 days en route plus 3 
| | | days in ice box. 
200 SLO AOL = Se: 3) 303440 51 38 | 35 JO ELO2|= OMe e dOzse ee | 4 days en route. 
Wi [to 4-825. 4) 273-303 39] 38] 353! 10) 101) 89...do...._- | 2 days en route. 
202 | 5to7and 11. 4, 15 -27 | 29} 38) 35 AO} E103) 982 dor 22 sI Do- 
7/1837 lea eee ee sae 1 294 49) 38] 35 10; 102) Ollie de. 6 days en route. 
204 | 14 to 17...... 4) 251-283 59) 38 | 343 10} 104) 98|...do.......| 3 days en route. 
205) 19s 200 = |= Zia. =<: 45)...-. eeee 10)-4115) 100)2-<do:--2- | 1 week en route. 


i 


1 These experiments were preliminary to experiments which are summarized in Table 14 and were per- 
formed before the 40-day curing period was adopted. 


2 The hogs referred to in this table do not belong to the same scries as that used fer preparing the various 
experimental products described in this paper as having been prepared at Establishment 3. 

An examination of Table 13 shows that in Experiments 196 to 205, 
inclusive, there was a lack of uniformity as regards the duration of the 
curing period, for the reason that these experiments were preliminary 
to experiments performed at a later date and summarized in Tables 
14and15. Following in Table 14 is a record of the experiments con- 
ducted at Establishment 3. These hams were smoked or pale-dried 
following the curing process. In the 22 experiments, summarized in 
Table 14, a uniform 40-day curing period was maintained, except that 
in two instances the hams were cured 41 days, and in one instance 42 
days. Inasmuch as these 22 experiments were made with hams of 
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various sizes including very large hams, it appears quite evident that 
curing periods of more than 40 days are entirely superfluous so far as 
concerns the destruction of trichine, if the hams are afterwards dried 
for 10 days at a temperature of about 100° F. The temperatures 
attained during the process of smoking or pale-drying are fairly 
uniform for the entire series of experiments. 

In view of the results obtained in this series of experiments, the 
method of preparation followed has been approved by the bureau 
as a method by which hams of this kind may be prepared in estab- 
lishments operating under Federal inspection. In brief, the regula- 
tions specify a dry-salt cure on the basis of 4 pounds of salt per 100 
pounds of meat; a period of curing of not less than 40 days at a tem- 
perature not lower than 36° F. to be followed by smoking or pale- 
drying for 10 days at a temperature not lower than 95° F. 


TABLE 14.—Exzperiments with Italian style hams 


(ESTABLISHMENT 3.) 


| Prelirmainary curing.2 Drying. 
- eee Oe we Oe | OSS Oi 
x= | Nee tests 
peri- | Source of Nuts Weights Temperature. Temperature. | on animals 
ment meat. fone of hams. | Time Time at Chicago 
IN, | in in dry and Wash- 
| cooler. | Maxi- | Mini- | room. | Maxi- | Mini- ington. 
| | mum. | mum. mum. |. mum. 
| 
Hog. Pounds Days. eH a t Days °F 

174) land 2.... 4 203-25 40 38 35 10 110 Negative. 

175 3 ang 7, ee 7 ot Pe a 3 a a 107 ae 

7 | Zand S02, 4 183-271 40 39] 34 10 106 Do. 

178+) Sandals... 6 see 40 36 34 10 106 Do: 

UY dE eee so noe 2 25 -253 40 38 3 10 108 0. 

180 | 13 and 14.. 4) 28 31 40 37| 34 i) | he sue Do. 

ST U5 Se eee ers 2 —24 } 40 8 34 10 110 0. 

182 | 16 and 17.. ; 23 “30 40 38 34 10 113 pe: 

ASA w IP Sacer 25 40 38 34 10 114 O. 
3184 | 19 and 20.. 4 103-144 40 43 34 10 116 Do. 
3185 | 21 and 22.. 4 13 -1 2) 40 41 33 10 105 ue 
ST PR eo oaacoe 2 11 -115 40 4Q 353 11 105 0. 
3187 | 24 and 25.. 4 12 -131 40 40 36 10 110 Do. 
2188 | 26 and 27.. a| 142-15; 41 39| 36 10} ae eet Do. 
3189 | 28 and 29.. a 113-18 40 40 33 11 112 Do. 
3190 | 30 and 31.. 4 113-144 40 42 31 10 108 Do. 
3191 | 32 and 33.. 4 8 -133 40 40 38 10 113 Do. 
3192 | 34and 35.. 4 123-143 41 41 37 10 110 Do. 
3193 | 36 and 387.. J 10 -18 40 41 38 10 i112 Do. 
3194 | 38 and 39.. 4 14 -153 | 40 40 35 9 112 Do. 
3195 | 40 to 42.... 6 174-20 42 41 34 11 108 Do. 


1 All the hams in this series of experiments were soaked for 15 hours Eerore drying. 
2 The hams were overhauled from 14 to 16 days after the beginning of the curing process, additional salt 
a Bee Rare Experiments 184 to 195, both inclusive, were not pumped with pickle solution. 

The experiments summarized in Table 15 were conducted at 
Establishment 2A. With the exception of Experiments 206 to 210, 
the products were cured on the basis of 3 days for each pound of 
weight of the individual hams, and were then smoked for 36 hours 
at a temperature of about 80° F., and finally dried for 20 days at a 
lower temperature. 
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TABLE 15.—Experiments with Italian style hams, 


(ESTABLISHMENT 24.) 


Preliminary curing.! 


Pale drying 
(2) or Drying. 
Salting. | Soaking. | Draining. |S™oking @). 
ch een Results of 
j ests on 
Source of ee ae 9 ARES HauD animals at 
meat. |a ; eral = Eye eae <Ta~ |Chicago and 
S) g n ; ture. ture. | o | ture ture ture Washi 
Z c a 5 S ashing- 
S Fa ses uw eel Lae “ilea4| Saal |e ; a 
x mee peloeh| Sele Bid| 2 |8lg Aig Aig 
o/ +» a 2 =e ee ee | SS 
S E Sp (<>) is iE (<b) § a oO § E 2) F q S) g = 
ry a © 61 BUT BUS EB USIS| 8 Sis] 8 (Sls! 8 ale 
Bj ZA. F (8 |jela| 8 |ale| 6 jala| 6 |ale| & als 
Fog. \Pounds.| Dys.| °F.) °F.| Hrs. \°F|°F| Dys.|°F °F) Ars. \°F\°F) Dys.\°F\ °F ; 
206 | 1 to 3.--..| 6 203-303 47 39 BEE GlSesbec Else leseaaiooe i---| 618] 96) 90) 20) 63] 52] Negative. 
207 | 4to6.... 6 92-123} 42:37. 5/33.5)....-. Sa ae terstet Pee. | 619101} 93! 20) 64) 52 Do. 
208 | 7and8..| 4) 234-281! 42l41 [35 |_....- Seal Te |---| 218) 99] 97/20 66| 51 (2) 
209 | 9and 10.) 4 301-861 ADNAN e139 = =| eee oe aS Gael lope ee |...| 618} 99) 97 19] 57| 52| Positive. 
Pil) || ieee 2 23 ATN4 te 519872 (0 se gale eae ee. 1_..| 6 18/101] 98} 20] 62] 54) @). 
211 | 12and 13} 4, 253-274 80/40 |38 |....-. $e O55 Gencd bes 1_..| @36| 82) 79 20) 74) 53 Negative. 
212 | 14and 15} 4 2438-292 80/41 38 4) 58) 57 3) 42) 40} 636) 95) 90 18] 71| 60 Do. 
213 | 16and17| 4) 113-123 38/40 [38 4! 51) 50) 2 | 40) 35) 26 82| 79 20) 74) 53 Do 
214 | 18and 194 4) 133-16 45 10. 5)36 3} 57) 56 3 | 42) 36] @36) 91) 79 21) 75) 61 Do 
215 ! 20and 21} 4, 221-26 7540/38 Al Golwotles- ee] \see '_..1 @44| 88] 72 20) 86) 60 Do 
216 | 22and 22] 4} 151-162 48/43 41 3] 67) 64 1 | 46: 42) 5 36) 92) 87 20| 77| 51; Do 
217 | 24and 25) 4} 141-181 80/40. 5/38 3) 55) 53 211 39) 36] 5 36] 92) 83 20; 66) 52 Do 
218 | 26and 27] 4| 13 -172 47/40/37. 5! 3} 45) 42 1 | 40) 36) @34] 95) 81 21) 60) 47 Do 
219 | 28and 29| 4) 163-171 52/39 |36 3} 36] 36 13) 38] 36) @32) 87| 84 20! 60) 46 Do 
WAY || SWoeasooc 2) 17 -18 53!39 136 3) 36] 36 2| 38] 37] 32! 91) 84 20) 62! 51 Do. 
Zags sree ae 2| 163-162 4939 |37 3) 42! 41 2 | 39) 36) %32)] 94! 80 19} 70) 50 Do. 
222 | 3Z2and 33| 4| 17 -174 53/39 37 3] 52) 45 3) 40) 39] “@32} 90) 82 19! 70! 53 Do 
223 | dt. - =. -| 2) LOE 33/39 27 3} 52) 50 13] 40) 2 @32| 92) S5| 20) 70} 53 Do. 
224 | 35and 36| 4| 13 -144) 40/39 /38 3} 66) 65 1 | 47| 44) @ 30} 86) 73 19] 86) 63 Do. 
PRES | Fa esacooe 2) 131-133 42/39 |37 4) 65) 65 =| 44 40] @30} 92) 84 19] 91) 53 Do. 
220 oSsectr ace 2| 183-20 6039 |35 3} 46) 45 3! 61) 60) 436) 87] 81 20) 59} 51 Do. 
P| tel pis 5 eee 2) 183-19 57/39 |35 3] 38! 35 @| 42) 39} @494) 90) 78 20) 60) 53 Do. 
772s WAN ease 2) 153-153; 46:39 135 3} 65) 64 < a48| 94) 84 23] 58} 52 Do. 
229 | 4land 42| 4) 93-143 47/40 34 2) 42) 40} 11 | 53) 53) @49) 90] 81 20) 63} 52 Do. 
PRO ale Sacode 2| 29 -2 65150 5s See |e oes ae 5 AE | ee ea .-.| 519/118] 90} 25} 68) 58} Do.4 
5931 | B, D, E.| 3} 63-8 56150 goadl Land Pe ele Ba eb 19)115 65| 11] 64| 59| Do.4 


1 These hams were overhauled from 15 to 22 days after the beginning of the curing process, additional 
salt being applied. Ina few instances the hams were overhauled a second time. 

2 Negative and positive at Chicago; negative at Washington. 

3 Larvze examined 3 days after hams were taken out of dry room. This experiment was preliminary to 
the other experiments in this series. 

4 Negative at Washington. No test at Chicago. 

5 Larvee examined 12 days after hams were taken out of dry room. This experiment was preliminary to 
the other experiments in this series. 


The hams in Experiments 206 to 210 were smoked only 18 hours 
and cured for periods of less than 3 days per pound. Portions of 
meat from Experiment 209 infected 3 rats at the laboratory of 
Establishment 2A. In the Washington laboratory portions of the 
hams in this experiment were fed to 4 rats, 2 of which were eaten by 
the other rats in the same cage and no muscles were left for examina- 
tion. The two remaining rats developed heavy infections. As 
shown in the table, these hams were rather heavy, a few exceeding 30 
pounds in weight. Portions of ham from Experiments 208 and. 210 
infected the rats to which they were fed at the laboratory of Establish- 
ment 2A, but failed to infect rats in the laboratory of the Zoological 
Division. The details of these experiments are as follows: 

Experiment 208 (Establishment 2A), 2 hams, identified as 7 AH 
and 7 BH, failed to infect rats (3 for each ham) fed at Establishment 
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2A. Two hams, identified as 8 AH and 8 BH (28 to 284 pounds) 
infected rats (3 for each ham) fed at Establishment 2A. Portions 
of these various hams fed to rats at Washington failed to infect them. 

Experiment 209 (Establishment 2A), positive; 12 rats fed hams, 
identified as 9 AH, 9 BH, 10 AH, and 10 BH, at Establishment 2A; 
3 rats for each ham. Rats in Washington also positive. 

Experiment 210 (Establishment 2A), 3 rats, fed ham identified as 
11 AH, positive; 3 rats, fed ham identified as 11 BH, negative, at 
Establishment 2A. Rats in Washington negative. Decapsuled 
larvee obtained at the Washington laboratory from these hams by 
artificial digestion were uncoiled, a condition which is usually a fair 
indication of loss of vitality. Apparently the additional period in- 
’ volved in the shipment of the hams to Washington, during which 
time the salt in the meat continued to act, was sufficient to bring 
about the destruction of the vitality of the parasites. - 

The remaining 21 experiments in which the hams were cured on 
the basis of 3 days for each pound of weight of the individual hams, 
then smoked for 36 hours, and.finally dried for a period of 20 days 


yielded uniformly negative results. A method of preparing hams. 


similar to that used in the experiments has accordingly been approved 
by the bureau. ‘The specifications for this method may be expressed 
in brief as follows: 

Three days’ cure for each pound of weight of the individual hams 
(4 pounds of salt per hundredweight), to be followed by at least 48 
hours of smoking at a temperature not lower than 80° F., and finally 
by drying for at least 20 days at a temperature not lower than 45° F. 


EXPERIMENTS WITH CAPICOLA. 


Capicola is a name applied to certain products which consist of 
boneless pork butts from which the superficial fat has been removed, 
stuffed in beef-bung casings. The butts are cured by a dry-curing 
process involving the use of the usual curing mixtures. In the 
experiments described below, 44 in number, the salt in the curing 
mixture amounted to 44 pounds per hundredweight of meat at 
Establishment 2A and 5 pounds per hundredweight of meat at 
Establishment 3. The experimental butts obtained from trichinous 
hog carcasses were placed with other butts in a tierce to which sweet 
pickle of 80° salometer strength was added in the experiments.at 
Establishment 3, and 35° to 40° strength at Establishment 2A. 
These variations were made in conformity with the methods regularly 
employed at these establishments. During the curing process the 
butts were generally overhauled by rolling the tierce at certain 
intervals. 
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Following the curing process the products were smoked for 30 hours 
or longer at temperatures usually not lower than 80° F. and finally 
dried for a number of days. 

In the experiments butts from 90 carcasses were used. With a 
few exceptions four pieces of capicola, which generally ranged in 
weight from about 2 to 34 pounds, were prepared for each experiment. 
The shrinkage averaged about 20 per cent of the weight of the freshly 
stuffed products. 

The results of these tests are summarized in Tables 16 and 17. 


TABLE 16.—Experiments with capicola. 


(ESTABLISHMENT 3.) 


Preliminary curing. Smoking. Drying. 
; = Results of 
Temper-| § |Temper-| 3 Temper- g Temper-| tests on 
3 ature..| 8 | ature. | g ature. | & | ature. | animals 
F Source of} ,; & A S at Romarke 
es meats oe) wu a q SS ) Chigseo : 
q = : ° o ; eis : u ; : an 
® ss) ; 
: SES) EE E)FE) E18) S|) EB) G | washine- 
8 lle a [J peal cta tes hal cc le Pe lac Geille peeunaae 
Sy i! a 18 i! Rie & los | Bia a ies 
a le) he yee esnips, (eet esl ier ee | site 
Hog Days|\° F.\° F.|Days|° F.\° F.| Hrs. |° F.\° F.|Days|° F.|° F. 
232 | 5and 6 27 | 41 | 353 4/57 | 56 39 | 85 | 70 21 | 59 | 46 | Negative. . 
233 | 7and 8 25 | 39 | 343 5 59 | 58 39 /108 | 68 | 21 | 60 | 43 !...do....... 
234 | 9toll...| 25 | 37 | 343) 28) 61 | 55 44 | 87 | 73 | 21 | 60! 43 |...do....... 
BI) || Wsaaccoe 26 | 39 | 34 2 | 60 | 50 23 | 85 | 76 | 22 | 68 | 45 |...do-.- 
236 | 1l8and14} 25 | 38 | 34 3 | 59 | 57 62 | 76 | 72} 20 | 68 | 45 |..-do--.-.... 
PRY | bes sence 27 | 40 | 34 12| 64 | 52 28 | 90 ; 82 | 21 | 68 | 44 do 
238 | 16and17] 25 | 41 | 36 3 | 63 | 44 28 | 79 | 66 | 22 | 72 | 49 Gos as. 
WBAS)|| Nsasocse 25 | 44 | 35 &| 74 | 64 223/104 | 87 | 21 | 76 | 54 GOs teee: 
240 | 19and 20} 26 | 43 | 36 g} 78 | 72 37 }100 | 81 | 20 | 84 | 53 do 
241 | 2land 22} 24 | 39 | 34 3 | 63 | 55 27 |; 85 | 79 | 20 | 64 | 49 do 
242 | 24and 25} 25 | 39 | 34 12| 68 | 54 33 | 82 | 74] 23 | 60 | 47 do... 
243 | 26and 27} 25 | 38 | 35 13|°70 | 57 32 | 98 | 66 | 22 | 51 | 39 do... 
244 | 28and29| 25 | 39 | 36 23| 70 | 64 20 | 90 | 74] 19 | 51 | 46 GOseetee 
245 | 80and 31) 26 | 40 | 35 2 | 68-1 59 36 | 90 | 79 | 20 | 52! 45 do 
246 | 32and 33] 25 | 40 | 35 2 | 62 | 49 36 | 89 | 79 | 22 | 69 | 47 do 
247 | 34and 35] 27 | 40 | 33 3 | 53 | 49 37 | 83 | 75 | 21 | 74 | 50 do 
248 | 36and 37} 26 | 40 | 34 13] 76 | 61 37 | 87-| 82 | 21 | 93 | 65 |..-do----.-. 
1250e | Gand HOS eSO: As IST [ae oe|eos5|e 55 48 | 77 | 60] 30 | 74 | 46 j..-do.2_.--- 3 days en route. 
1251 | 3,4,and 8} 27 | 43 | 38 |---..|....]...- 24 | 78 | 68 | 29 | 74 | 46 |...do.2._--- 4 days en route. 
22a 2a os 20. PAS oN taciaq=i|= 525/825 = 24 | 72 | 65 | 41 | 74 | 46 doi22 sis: Do. 
1253 | 6, 7, 11 NGS CAO NB easel laeer| see 24 | 833) 82 | 41 | 65 | 46 |...do.2._--- 3 days en route 
W254 | Oe see Dll BLOW BOlt | act r| Ser leet 48 | 77 | 60 | 30 | 74 | 46 |...do.2__--- Do. 
1255 | 14to17..| 35 | 44 |-37 |.-...}....]-... 60 | 92 | 703| 27 | 74 | 49 |...do.2_..-. 5 days en route. 


1 Experiments 250 to 255 were preliminary to the other experiments summarized in this table, the pork 
in these cases having been obtained from an earlier series of hogs. 
2 No tests at Chicago. 


28 BULLETIN 880, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 17.—Experiments with capicola. 


(ESTABLISHMENT 2A.) 


Preliminary curing. Smoking. Drying. 
; © : Results of 

: Tempera-) 2 Tempera-| = Tempera- = Tempera-| tests on 
= | Source of B BUN = ae 5 one = sue Se chine 
= meat. S b | b gO 
S Sie eam) 105 eer, alal 8 bel q | and Wash- 
: ee aT SET Sy oe | eee 
3 2 18 (See) he Pe Berea eae eee een tee 

z Bf Bel Sol Bel SobSolebesl| ech Sood) peas 
i) = =) (= = =| | & as & = |= 

Hog Days. | °F. | °F. | Days.| °F. | °F. |Hours.| °F.| °F. | Days. | °F. | °F. 
256164 EOO= Ss saee 26} 40} 34 =| 65] 56 38 | 116} 74 10 65 | 52 | Negative. 
OTe | TPS G Nee 20) 36 | 33 64 60 45 | 106| 65 7 61 | 52 () 
258 | 9and 10-. ef | aS fe WMS Sa) eae = | (SI) es 35 | 100| 86 3 60 | 55 | Positive. 
209 [tba eons 22 25 | 41 35 1 64) 61 35 98 89 At SS ee sont Do. 
2602| 12 and 13... 241) 425139 2 64 63 36 | 100| 97 9 64] 55 | 1) 
261 | l4and 15... 28 | 43) 35 1 72 | 64 36 | 102| 95 8 §2| 54 | Negative 
262 | 16and 17... 25 |- 41 35 1 68 | 63 40 95 | 84 14 650) os Do. 
263 | 18and 19... 25 41 34 1 78 | 67 34 TOD | 82 16 74 61 Do. 
264 | 20and 21... 7A ome Ss |) as 1 72 67 36 | 101} 95 14 75 | 61 | Do. 
265 | 22 and 23. 29 | 52 | 38 1 81 77 32 | 107) 88 10 85 | 60 Do. 
266 | 24 and 25. 29 | 42 34 2 73 63 30 98 890 10 66 | 50} Do. 
267 | 26 and 27. 29 41 34 Pe 64) 55 30 | 102! 8&8 10 60 | 53 | Do. 
268 | 28 and 29. 32} 39| 34 5 66 | 62 30 93 88 10 63 50 Do. 
7d ol ee eee 31 39 | 32 1 64 | 58 30 96 | 85 9 58 | 52 | Negative. 3 
7-C (| its) Ps eae tea 31 42} 33 2 66+; 62 30 92 84 9 62) 54 fe) 
271 | 32 and 33.. PAY GPA |! 32 12 67 | 59 32 98 | 85 10 70 | 56 Do 
DTD UGS Se a ie ae 31 42} 32 22 (pe 63 32 | 100} 8&7 10 68 | 60 Do 
2494) 35 and 36-_. 31 AD eros s eel pee bas 32 98 | 84 10 82 | 65 | Do. 
273*| 35 and 36. - 31 45 | 35 Ze 70 67 32 98 | 84 10 82 | 65 | Negative. 3 
2744 Ato E and 3D bs 45 Sp e320 fe, Se ee ee | 423 |109| 70 15 65 | 54 | | | No test. 
Hi. : 
Sir V1 5 ee ate D7 Cee ie Rie yal oe ee 6 BOs) esl a Ae) Ba eae eee fb Aad Positive.s 
| | \ I 


1 Positive at Chicago, negative at Washington. 

_ 2 Experiment 260; 3 rats (Establishment 2A) fed on smaller butts infected; 3 rats (Establishment 2A) 
fed on larger butts not infected. Rats fed in Washington not infected. 

2 Negative at Washington; no test at Chicago. 

4 Experiments 249, 273-275, were preliminary to the other experiments summarized in this table, the 
pork in these cases having been obtained from an earlier series of hogs. Before smoking, the butts were 
placed in the green room for 2 days at a temperature ranging from 67° to 70° F. 

5 Positive at Washington; no test at Chicago. 

The data presented in Table 16, which cover the experiments 
conducted at Establishment 3, show that the methods used were 
fairly uniform throughout, with the exception of Experiments 250 
to 255, in which the drying was prolonged well beyond the period 
of 20 days. In the remaining 18 experiments the drying period 
did not exceed 23 days. In the experiments conducted. at Estab- 
lishment 2A (Table 17) the drying period with few exceptions was 
10 days or less, but masmuch as 4 of these experiments yielded 
positive results, it is quite evident that drying periods of 10 days or 
less are inadequate so far as concerns the destruction of trichine. 

In Experiment 268 (Establishment 2A) a butt cured 32 days was 
fed immediately to 3 rats and 3 mice. The animals became infected; 
as indicated in the table, however, the other butts in this experiment 
after having been smoked and dried following curing no longer con- 
tained viable trichine. 

Following are the post-mortem records of the test animals which 


became infected in the experiments at Establishment 2A: 


| 
| 
| 
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Expervment 257 —Three rats fed at the laboratory of Establish- 
ment 2A became infected. Four rats fed at the Washington labora- 
tory escaped infection. A microscopic examination of decapsuled 
larvee obtained by artificial digestion of a few grams of meat from 
these products after shipment to Washington revealed definite 
degenerative changes. ‘These pieces of capicola were cured for a 
period of 23 days and dried for 7 days. The period involved in the 
transfer of the products and delay before washing out the salt was 
6 days, making in the case of the pieces examined at the Washing- 
ton laboratory a total of 36 days of salt action, excluding the 45-hour 
smoking period. 

Expervment 258.—Three rats fed at Establishment 2A became 
infected. Four rats fed in Washington developed heavy infections. 
The products were cured for 27 days. The drying period in this 
case was 4 days, and only 2 days elapsed between the end of the dry- 
ing process and the first feeding at the Washington laboratory, 
making a total of 33 days, excluding the 35 hours of smoking. 

Experiment 259.—Three rats fed at Establishment 2A became 
infected. Four rats fed in Washington developed mild infections. 
Four days were involved in the transfer of the products to Wash- 
ton, which, added to the curing and drying periods, gives a total 
of 35 days, excluding the 35 hours of smoking. 

Expervment 260.—The rats fed at Establishment 2A became in- 
fected. Four rats fed in Washington escaped infection. The differ- 
ence in time of feeding was 4 days, which, added to the drying and 
curing periods, gives a total of 40 days of salt action in the case of 
the pieces examined in Washington. 

These results indicate that a combined curing and drying period 
of 35 days or less plus the smoking period is inadequate to destroy 
trichine in these products. The results also indicate, however, 
that somewhat longer periods are adequate, as shown not only by 
the experiments at Establishment 3 in which the combined periods 
of curing and drying ranged from 41 to 48 days, but also by Experi- 
ments 261 to 272 at Establishment 2A in which the total period of 
curing and drying, excluding smoking, was between 40 and 45 days. 
The specifications for the preparation of this product require 25 days 
of curing at a temperature not lower than 36° F., 30 hours of smoking 
at a temperature not lower than 80° F., and 20 days of drying at a 
temperature not lower than 45° F. 


EXPERIMENTS WITH COPPA. 


The following experiments with products known as coppa, which 
are similar in all respects to capicola except that smoking is omitted, 
were conducted at Establishments 2A and 3, as shown in Table 
18, Inasmuch as smoking is omitted the experiments were planned 
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with a view of testing a longer period of curing and drying than that 
employed in the case of capicola. 
The records follow in Table 18. 


TABLE 18.—Experiments with coppa. 


(EXPERIMENTS 276-280 WERE PERFORMED IN ESTABLISHMENT 3, AND 281-282 IN 
ESTABLISHMENT 2A.) 


| 


Preliminary curing. Drying. 
tie pb add te et | Results of 
Ex- | | | tests on 
peri-| Source of Temperature. Temperature. Temperature.| animals at 
ment meat. nots Timein| | Chicago 
No. | Pune 10) dry | |... | Time. [| 7S eee Ee 
cooler. | Maxi- Mini-| room. | Maxi-| Mini- Maxi- Mini-| ington. 
mum. mum epee ee Nees mum. 
Hog Days. PY wie Sot, | Days Al) Ea Days °F OF: 
DIG A thie eee 18 43 57 Pee See S2's. eer Ears sean 29 80 63 Negative. 
DTT4| SStt: Fe 2) fy2 18 40 BA lence ct 2 pirated Seeaeee 30 69 54.) Do. 
ai fee [wast ees ara 18 | 39 34 ay 4 68 | 57 28 59 ol Do 
PIO PAG see te 8 22 | 38 34 13 64 | 59 | 28 58 | 53ilie Do 
280 | 41 and 42.. 18 38 34 2 65 | 56 28 58 52 Do 
281 | 38and 39.. 17 38 | 33 2 73 | 62 30 59 43| Do 
2EP PAU 4a es 17 38 | 35 2 58 | 56 27 62 46 Do 
| ‘ | 


The foregoing data show that the products were held in cure and in 
the drying room for periods varying from 46 to 52 days from the time 
the salt was added to the meat. Inasmuch as the data are rather 
limited only the maximum period has been accepted by the bureau 
as adequate for the destruction of trichine. The specifications 
adopted require a minimum period of curing of not less than 18 days 
at a temperature not lower than 36° F. to be followed by drying for 
at least 35 days at a temperature not lower than 45° F. 


EXPERIMENTS WITH LOCKSCHINKEN. 


Forty-one experiments with lockschinken were carried out in 
Establishments 2A and 3, 17 tests in the former and 24 in the latter. 
For each experiment 4 to 6 pieces were prepared. These ranged in 
weight from 2 to 74 pounds. The pork loins used in these tests were 
cured either by means of pickle solution alone or by means of pickle 
solution combined with dry salt, the dry salt with other ingredients 
of the curing mixture being added to the meat on the basis of 4 pounds 
of salt per hundredweight of meat. The pickle solutions were used 
in strengths ranging from 50° to 65° (salometer). 

Following the application of the dry-curing mixture the meat was 
packed in a tierce and the pickle solution then added. During the 
process of curing the meat was generally overhauled and a fresh 
pickle solution added at certain intervals. After stuffing, the 
products were generally held in a drying room for a short period be- 
fore being placed in smoke. After smoking, the products were in 
most cases dried for a number of days, as shown in the following 
tables: 


2 


5 


&. 
A 


| Experiment No. 


| Experiment No. 


317 
2318 


2319 
2320 
2321 
2 322 
2323 
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ol 


TABLE 19.—Experiments with lockschinken. 


(ESTABLISHMENT 2A.) 


Preliminary curing. Smoking. Drying ox 
—— ~n Ss 
Temper- | Temper- Temper- Temper- @ & 
Ag ature. ° ature. ature. ature =e 
Source of iS) Dall Og 
meat 2 : ; > . 5 : q : ; oe 
© |/8#ig|s |s8ig Big aig ae 
I 2} 8 g = 5 5 5 nna = 
5 E S re) i & >) a 4 3 i q = g a 
Reps ees losele Se eiee re | Bide el tae 
= = | & H =| = = |e = a |e (sx 
Hog Days.) NOH A Days: Wook a aoe HOUisa|| oe! SRE Days. | FN OF: 
ANUOLOS Soon 21 40 | 34 2 62 | 57 17 74 Gy eG oe Genes Gaooe Negative. 
Tf GWG es ooe PAN Bx 8¥3 iD Slepaesieee ee 45 OSs pO a| Bere | Pese eeace Do. 
9 and 10 PAVE ES FART. eal eee | We ee Ps arc Pa all | pats del eetAU| eoeensc| la seed oeeee Positive. 
Ab es ee saes 18 | 389 |\2 35 1 65 | 62 30 84 | 79 4|) 58] 53 | Negative. 
; 12and 13... 17 | -42} 39; 2 63 | 59 28 85 | 63 SilleOM ee oo Do. 
14and 15... 18 | 43] 36 2/1 65 | 63 30 84 | 66 7 | 66] 54 Do. 
16and 17... 18 | 41] 35} 14 | 66] 64 PANE || JIBS toil eS Saas |SouedGobes Do. 
18and 19... 20} 41] 35} 1 68 | 66 34 | 105 | 75 10 | 74] 55 Do. 
20 and 21... 18, 43] 36 1 76 | 69 30 96 | 88 VON did 62 Do. 
22 and 23 19} 52] 39 1 88 | 78 30 | 102] 90 10} 84] 66 Do. 
24 and 25 18 | 42] 34) 1 MAGI (Oil, 30 93 | 85 10} 66} 55 Do. 
26 and 27. 18 39} 34 1 70 | 64 30 92 | 83 9] 60} 53 Do. 
28 and 29 18) 40] 34 1 63 | 60 30 89 | 83 12; 60); 51 Do. 
SOR Sea eee 18"\) 395)> 32 13} 61] 56 30 88 | 83 10} 60; 50 Do. 
Slee sees ae 18 41 33 1 65 | 63 30 92) 81 ON 58=|- ol Do. 
| 32 and 33... 18 | 42] 32) 1 69 | 60 30 91 | 82 10} 61] 53 Do.t 
35and 36...|. 18| 45] 36] 18] 70| 638 32 | 93| 85 10| 73| 61] Dow 
1 At Washington; no tests at Chicago. 
TABLE 20.—Experiments with lockschinken. 
(ESTABLISHMENT 3.) 
Preliminary curing. Smoking. Drying. 
Tem- I Tem- Tem- Tem- 
pera- 5 pera- pera- pera- Results 
| 8 ture 2. |e cure: ture. ture. of ee 
ourceof| © | on animals . 
THCAt NE | oes | a onal te P2 aalres ; | . | at Chicago ATES 
5 5 S| & = | § g g = E and Wash- 
a g aed Si g = g = g ington. 
[<D) _ i: 5 xe) § oO 2 i: ro) a § 
Bea) Sigs E va Seimes ing E 
Bileala|e lela] a la | ah [Saeed Peay p= 
[eee agonal | Ret Daan (apes 
Hog. | Dys:| °F.\° F.\Dys.\°F.|°F.| Ars. |\°F.|°F. |Dys. \°F.\°F. 
5 and 6 ZA RAN OO emer eterar=| aoe 72, 80, 74) 6 | 59} 52) Negative. 
7and 8 25| 39/34.5| 1 159.5) 58 96| 78) 7 4b\5 G0IAT= 5) 25.done. . =: 
9toll.- 18} 37/34.5) 3] 64) 58 S2b ais (4-9) 152.5 Walaa aa 
3 Pee weed 26) 38) 34; 2) 60) 50 14} 137), 90), Bal) 54) 48)252-d0-2-2..- 
13 and 14 18) 39) 34) 1] 60/58.5 96) 83) 68) 8} 52) 49) Positive. 
li eeegae ~27| 39) 34) 12) 64) 52 52| 93} 83) 41] 57) 48) Negative... 
16and17| 25| 41] 36| 14| 63] 61| 12] 135] 87| 9 |77.5| 48|...do....... 
1 fe eae ae 19° 44 35 5/72. 5)72.5 12| 129} 103 9 75|* 62). = doscs 
19 and 20 26) 43) 36) 1 78) 72 12} 128) 101) 9] 84) 69)...do.... 
21 and 22 21} 38) 35) 124) 58) 54 12] 133} 90} 13) 64) 49)...do. 
24and 25 25) 38) 34 14| 68 54 121 105), 93! 211 |e55|" 45 = do... 
26 and 27 25| 38) 34) 14) 70) 57 12/131) 70) FORE 55 43) Ped Oeses 
28 and 29 25) 39) 36 3, 70) 64 12) 132| 90) 10) 250|F 46| edo 
30 and 31 26 40) 35| 2] 68) 59 12| 140) 99 9] 51} 45)/-.-.do. 
32 and 33 25| 40, 35; 21] 62; 49 12} 129} 90) 10; 64! 47/_...do. 
34 and 35 27; 40! 33) 31] 53) 48 12] 145) 92) 10) 74) 50)..-do..-.. 
36 and 37 26) 41 34 15} 76) 61 12} 137) 90) 13) 85) 64)...do.... 
35 and 36 18} 45) 36) 2 70) 64 32} 93} 85) “10 } 73) 61)..-do.1._--.- 
| 6, 7, and IGEO A Biles sallSoaelesce 24183. 5} 82) 41 | 65} 46)...do.1..--- 3 days en route. 
11. 
Le 2: ee I) 2B} SV onoalescallooes 24| 72) 65) 41 (A\46)\- 2 dorlaee 4 days en route. 
3,4, 8-- 26/2 43/2 S8iFs = sie Safe 24; 78) 68) 29) 74) 46) Doubtful3 Do. 
9 and 10 Si0)|" 28)) BUllssscqlosscllocec 48| 77} 60) 30) 74) 46) Negative--.| 3 days en route. 
13 ee PX, KB llescoalossellcooe 48} 77; 60) 30] 74) 46)...do....-.-- Do. 
PAST OMM prs |( on d0|l 4408 Sd| ease acres eee 60; 92) 70; 27) 74 49). - .do.......| 4 days en route. 


1 eaceative at Washington; no tests at Chicago. 
Experiments 318 to 323 were preliminary to the other experiments in this series and the identification 
sanitere of the hogs have reference to a different series of experimental animals. 
3 Four rats negative; .a fifth rat that died 8 days after feeding was found to contain 10 intestinal trichine 
but their condition was not noted. 
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An examination of the data in Tables 19 and 20 shows that with 
the exception of Experiment 285, Establishment 2A, and Experiment 
304, Establishment 3, the results of feeding experimental animals 
were negative. The pieces in Experiment 285, Establishment 2A, 
were fed to four rats in Washington, infecting all of them, and also 
infected the rats fed in Chicago. The test animals were killed one 
month after feeding and found to be heavily infected with trichine. 
The pieces in Experiment 304, Establishment 3, also infected the 
rats to which portions of the meat were fed in the Washington labo- 
ratory and the mice fed in the Chicago laboratories of Establishment 3 
(6 mice). The products in Experiment 285 were not dried subse- 
quent to smoking, but those in Experiment 304 were smoked for a 
long period (96 hours at a temperature of 68° to 83° F.) and were 
then dried for 8 days after smoking. 

Tt has been concluded that low-temperature smoking, even though 
it may be greatly prolonged, followed by drying, is not a reliable pro- 
phylactic measure against trichine in lockschinken. In experiments 
306 to 316, Establishment 3, high-temperature smoking for a period 
of 12 hours, similar to that employed in connection with fresh summer 
sausage was substituted for prolonged smoking at a low temperature. 
Although the results from this modification of method were very 
satisfactory in respect to the destruction of the trichine, further 
tests have been discontinued because it was found that the high- 
temperature smoking rendered the products unsatisfactory from a 
commercial standpoint. 

In view of the results of our experimental work the Bureau of 
Animal Industry does not recognize any curing method as adequate 
for the destruction of trichine in lockschinken, and this product may 
be prepared in official establishments only from pork that has been - 
refrigerated at a temperature of not higher than 5° F. for a period of | 
not less than 20 days in accordance with the results obtained in 
experiments on refrigeration recorded in a former paper (Ransom, 
1916). 


THE INFLUENCE OF SALT ON THE RESISTANCE OF TRICHINA LARVA TO HEAT. 


The experiments described below were performed in the 1aboratory 
of the Zoological Division in order to supplement the practical tests 
at the meat-packing establishments in Chicago, the aim being to 
secure data concerning the effects of preliminary curing on the resist- 
ance of trichine to heat. In connection with the discussion of the 
experiments on fresh summer sausage it was indicated that made- 
quate preliminary curing may vitiate the effects of subsequent 
smoking. The experiments described and tabulated below demon- 
strate this point. 


a 
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The following procedure was employed: Trichinous meat was 
ground up in a meat chopper and mixed thoroughly with salt, which 
was added on the basis of 34 pounds per hundred pounds of meat. 
The meat was then placed in a refrigerator at a temperature of about 
10° to 12°C. for a certain period designated in the tables as ‘‘time in 
cure,” after which it was stuffed in casings and made into sausages 
weighing between 200 and 500 grams. The sausages were then 
placed in an incubator for a given period designated as “time in 
incubator,” and finally fed to rats after washing out the salt. 


TABLE 21.—F fects of salt on resistance of trichina larve to high temperatures. 


| 
| Temperature of 
Mme ie incubator. 
Experi- | Sausage | Fime in ae ELT a ace ee an : 
TEIN No. STi, ee Results on rats. 
alo Maxi- | Mini- 
mum. mum 
Hours Hours. is AG: 
325 1 24 6 53 52 4 rats fed; allinfected. 
326 2 48 6 53 51 Do. 
327 3 72 5 53.5 51 Do. 
328 4 92 6 54 50 4 rats fed; none infected. 
329 5 120 63 52 42.5 | 2 rats fed; none infected. 
330 6 144 5 53.5 51 3 rats fed; none infected. 
331 7 144 5 53 48 ne DOs 


In the next series of experiments the sausage was subjected to a 
lower incubator temperature and was held for a longer period. The 
data are presented in Table 22. 


TABLE 22.—L fect of salt on the resistance of trichina larve to moderate temperatures. 


| 
Temperature of 
minein incubator. 
Experi- | Sausage | Time in : E : 
wet No. No. cure. ae Results on rats. 
ane Maxi- Mini- 
mum. mum 
Hours Hours 2GE Gh 
332 1 18 43 41 3 ratsfed; 2infected; 1 notinfected. 
333 2 49 18 44 43.5 | 4rats fed; 3 infected; 1 not infected. 
334 3 72 24 44 42.5 | 4rats fed; none infected. 
335 4 96 24 44 43 Do. 
336 5 96 18 44.2 42 5 rats fed; none infected. 
337 6 96 16 44 44 4 rats fed; none infected. 
338 7 188 18 44 43 Not fed torats. Decapsuled larve dead. 


A third series of experiments bearing on this question was per- 
formed as follows: | | 

Four lots of chopped-up trichinous pork were placed in an incu- 
bator at an initial temperature of 44° C., the final temperature at the 
end of about 34 hours reaching 54° C. Lot No. 1 contained trichi- 
nous meat which had been subjected to a preliminary cure! of 48 


1 The quantity of salt used in these experiments was added on the usual basis of 34 pounds of salt per 
hundredweight of meat. 
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hours; lot No. 2 contained trichinous meat which had been cured 
for 72 hours; lot No. 3 contained trichinous meat which had been 
cured for 96 hours; lot No. 4 contained trichinous meat to which no 
salt had been added. 

After the meat was taken out of the incubator it was washed for 
2 hours in running water and a portion trom each lot was digested 
in an acidified solution of scale pepsin. The decapsuled larvee were 
then examined to determine the effects of the exposures. The 
results follow: 

Lot No. 1 (cured 48 hours): The larvee were normal as to color and 
state of contraction and responded vigorously to heat stimulation. | 

Lot No. 2 (cured 72 hours): About 50 per cent of the larve ex- 
amined responded to heat stimulation. 

Lot No. 3 (cured 96 hours): Twenty-five larve were examined. 
Of these 22 were pale in appearance and uncoiled, and only 3 were 
tightly coiled. 

Lot No. 4 (uncured): The larvee were markedly active. 

From the data presented above it is evident that the action of salt, 
if continued long enough, has a decided influence on the larve and 
in some manner lowers their vitality, evidenced by their loss of 
tolerance to certain temperatures which unsalted larve or larvee that 
have been exposed to the action of salt for shorter periods resist 
without any apparent loss of vitality. An 18-hour exposure of smal!- 
sized sausages to a temperature ranging between 42° and 44° C. 
apparently requires a preliminary exposure to the action of salt for at 
least 96 hours in order to bring about the death of the parasites. 

Although an exposure to heat for 16 hours also gave negative 
results, it was found that shorter exposures, namely, 12 or even 14 
hours, resulted in infections when meat so exposed was fed to rats. 
A 5 or 6 hours’ exposure of the meat to temperatures ranging between 
50° and 54° C. also requires a preliminary salt exposure of about 96 
hours’ duration in order to insure the destruction of the parasites. 

In view of these data it is evident that in the case of fresh summer 
sausage and certain other products that are not dried after smoking, 
the duration of preliminary curing process prior to smoking is an im- 
portant factor in rendering the products innocuous. 


APPEARANCE OF DECAPSULED LARVAD FROM SALTED PORK. 


Dead larve in salted pork present a characteristic appearance 
after decapsulation by artificial digestion. They are ali uncoiled, 
and have the appearance of the figure 6. The esophageal cell body, 
which has a brilliant coloration in the normal larva, has lost its 
color and appears pale. The tissues of the worm are shrunken and 
wrinkled and the germ cells as well as esophageal cells appear to 
be plasmolyzed. Sometimes numerous vacuoles may be seen in 


wh 
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the larve, and occasionally the tissues of the worm show evidence 
of having been partially digested. The larve obtained from hams 
tht have been dried for 10 days at a temperature of about 100° F. 
presented the most distorted appearance. As a matter of fact, but 
few larve can usually be obtained by the artificial digestion of 
relatively large quantities of ham dried in this way, although the 
uncured meat from the same carcasses may show a heavy infestation. 

In view of the prolonged action of the salt in the case of such hams 
it is likely that the parasites are so thoroughly dried as a result of 
the withdrawal of water from their tissues that the cuticles give way 
in the process of digestion and the worms are thus completely de- 
stroyed. Fragments of larve in such digestion cultures were often 
noted and occasionally partly ruptured empty cuticles were found. 


SUMMARY. 


The following principal conclusions are based on facts presented in 
the foregoing pages: 

Pork products of kinds customarily eaten without cooking may be 
rendered safe for consumption, so far as the dangers of trichinosis 
are concerned, by certain curing processes. No single formula can 
be applied to all such products, as different ones require different 
treatments, depending largely on their size and on whether they 
are smoked. | 

Sausages of moderate sizes have been rendered innocuous by the 
admixture of salt to the meat (not less than 34 pounds of salt per 
hundredweight of meat) followed by preliminary curing and then 
by drying. A minimum period of 25 days for the duration of these 
processes from the time the salt is added to the meat has been 
adopted as meeting the requirements for the destruction of tri- 
chine in unsmoked sausage. Of the 25 days at least 20 days must 
be devoted to drying at temperatures not lower than 45° F. Thus, 
a period of 5 days is allowed for preliminary curing, which may 
be curtailed, however, provided the time in the drying room is 
correspondingly increased. 

In the case of certain sausages known as pepperoni, which are 
stuffed in narrow, thin casings, it was found feasible to reduce the 
curing period to 20 days, of which at least 15 days must be given 
to drying. ‘his allows 5 days for preliminary curing, which may 
be curtailed provided the time in the drying room is correspond- 
ingly increased. 

In the case of smoked sausage it was found feasible to reduce still 
further the drying period. This variety of sausage is rendered innocu- 
ous by being subjected to a preliminary cure and then smoked at tem- 
peratures ranging around 80° F. for 40 hours followed by drying 
for 10 days at temperatures not lower than 45° F. Including the 
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preliminary curing period, the sausage is held under supervision 
for 18 days from the time the salt is added to the meat. Sausage 
smoked at temperatures ranging from 125° to 130° F. for a rela- 
tively brief period following a preliminary curing period of at least 
6 days is rendered innocuous without subsequent drying. Speci- 
fically the smoking period lasts 12 hours, of which 4 hours are 
devoted to bringing the temperature up gradually to at least 128° F. 
During the next 4 hours the temperature is maintained at 128° F. 
or higher, and during the remaining 4 hours it is allowed to go 
down gradually to a point not below 90° F. 

Sausage smoked for 6 hours at a temperature of about 100° F. 
followed by 10 days of drying was not rendered innocuous. This 
procedure is accordingly not recognized by the bureau as meeting 
requirements for the destruction of trichine in sausage. 

Hams are rendered innocuous by the following methods: (1) 
The products are cured by means of dry salt (4 pounds of salt 
per hundredweight of meat) for at least 40 days at a temperature 
not lower than 36° F., and then smoked or pale-dried for 10 days 
at a temperature not lower than 95° F.; or (2) the products are 
cured on the basis of 3 days’ cure for each pound of weight of indi- 
vidual hams, followed by 48 hours of smoking at a temperature not 
lower than 80° F. and finally by 20 days’ drying at a temperature 
not lower than 45° F. 

Products known as coppa are rendered innocuous by dry-salt 
curing for 18 days (44 pounds of salt per hundredweight of meat 
with the addition of small quantities of pickle solution) at tempera- 
tures not lower than 36° F. followed by drying for at least 35 days 
at a temperature not lower than 45° F. 

Products known as capicola are rendered innocuous by 25 days 
of curing under conditions similar to those used in preparing coppa, 
followed by 20 hours of smoking at a temperature not lower than 
80° F., and finally by 20 days’ drying at a temperature not lower 
than 45° F. 

No method has yet been discovered for rendering lockschinken 
innocuous by means of curing without affecting the quality of the 
product. 

The factors which appear to exert injurious influences on trichine 
in the course of curing are salt and temperature. The former grad- 
ually undermines the vitality of the parasites, probably by with- 
drawing water from their tissues and also perhaps by exerting upon 
them a direct toxic action. Salt furthermore lowers the resistance of 
the larve to heat and thus renders them susceptible to temperatures 
which normally would not prove fatal. The temperatures employed 
during smoking or pale-drying in most of these experiments were 
by themselves too low to injure seriously the parasites, but the 
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combined action of salt and temperature was efficacious in destroy- 
ing the vitality of the larve. 

Drying is also a decided factor in bringing about the destruction 
of trichine, apparently because the evaporation of moisture from 
the meat increases the concentration of the salt in addition to other 
possible injurious effects which it may exert. 
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